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CHRONIC PASSIVE CONGESTION OE THE LIVER 

CHAIRsING FROTHINGHAM, Jr, MD 

BOSTON 

In tlie text-books on patholog}^ a lesion of the liver is desciibed in 
which the liver cells aronnd the hepatic veins are atrophied and wanting, 
and the blood spaces are distended and filled with blood This condition 
IS generallj^ supposed to result from continued pressure on the liver cells 
due to passive congestion This continued pressure causes the cells to 
atrophy and disappear 

Mallory^ describes a hemorrhagic type of necrosis In this t}pe an 
exudate into the spaces occupied by the necrotic liver ceUs is composed 
chiefly of red-blood corpuscles. These dilated spaces filled with led- 
blood corpuscles give the appearance of dilated sinusoids (especially when 
the necrotic liver ceUs have more or less disappeared) As a matter of 
fact, the sinusoids in these cases are piactically empty and collapsed 

As a result of recent histologic study of a senes of cases j\Ialloiy= 
reports that the tj^e of congested liver mentioned in the text-books is 
not the result of chronic passive congestion only, but that the passive 
congestion is complicated by a hemorrhagic necrosis around the hepatic 
veins In these cases the necrotic liver cells are m various stages of 
disintegration and disappearance, so that they are readily overlooked 
The dilated liver cell spaces filled with blood are commonly mistaken for 
dilated sinusoids 

The object of this work has been to study the clinical history of a 
senes of cases, m order to see if the clinical picture would support the 
view that an uncomplicated chronic passive congestion would not show 
any disappearance of liver cells 

A senes of cases was exammed which had been treated at the Boston 
City Hospital and eventually came to autopsy It soon became apparent 
that in the majority of cardiac cases of long standmg that suffered from 
broken compensation the liver presented the picture of loss of liver cells 
around the hepatic veins The following case is a typical one of this 
class, of which over a dozen cases were studied 

Publislied witli approval of tlie Committee on Fellowsliips as part of the 
V ork done under a Bullard Fellowsliip, Harvard University, 1908-1909 

1 Mallory, F B Necrosis of the liver Jour Med Research, 1901, vi, 264 

2 Sfallory, F B As yet unpublished 
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In this and subsequent clinical histones only those features are 
recorded which pel tain to the cardiac condition. In the autopsy reports 
only those parts aie recorded which relate to the question of ehronic 
passive congestion. Then the complete anatomic diagnosis is given 

Case 1 (Boston City llospilnl Autopsy Recoid, 1905, 122) — PaUcnt—A 
man, 71 years old, entered hospital June 17, 1905 Past history brief, but nega- 
tiie as icgards hcait hor two ^eata he had had piocordial pain off and on, 
shortness of breath on going up hill, gradual!}' incicasing djspnca and orthopnea 
Physical Eaamtnaiwn — 'Ihis sliowcd djspnea, oithopnca, cjanosis, puffiness 
of face Heart sliglitly enlarged, sounds distant and weak Rales throughout 
both lungs, MOie marked at tlio bases behind Ln cr evtended from fourth iib 
to costal maigin, edge not felt Abdominal wall edematous Slight dulness in 
flanks Consideiablc edema of Icga and thighs Cjanosis of e\tiemities 

From entrance until July 29, 1005, the patient ran a tjpical course of grad- 
ually increasing caidiac failure and died on tliat date 

Autopsy licpoii — ^'I’lns sliowed edema of legs, thighs, scrotum, slight ascites, 
hydiothoiax and hj diopcncaidium Heart weight was 905 gm Valve measure 
nioiits * tiicuspid 10 cm , piiltnonic, 10 0 cm , initial, 12 cm, aoitic, 9 cm 
E\cept for then sire and a few jellowish thickenings on the mitral the lalves 
w'ere normal There were thioinbi in the light auricle and rcntricle 

Anatoiiuc Diagnosis — General artcriosclci osis , chronic myocarditis, hypci- 
trophv and dilatation of the heart, rolatne insufficicncj' of the ralvcs chrome 
passne congestion of lungs, spleen, luci and gastrointestinal tract, pulmonary 
emboli and infaictions, anasarca, cholelithiasis, fatty infiltr.ation of liver, 
chionic adhesne pleuritis, chronic pcnsplcnitis 

ilfic) oscopic Examination — ^Thc liver showed congestion, especially marked 
around the hepatic icin w’lth disappearance of liver cells, but on liigh-pow'cr 
examination the red blood coipuscles wcie found to be to a large extent in the 
spaces foimcrly occupied by the Incr cells, also some remains of necrotic Iner 
cells and pigmented cells were picsent Theicfoic, in tins case we have a com- 
bination of cluonic passive congestion and hemorrhagic necrosis 

A BGTies of twelve cases were next studied m which tlie liver showed 
congestion, but no disappearance of livei cells Tw’o of these cases are 
given below These cases aie the best examples fiom the senes, not just 
average cases 

Case 2 (Boston City Hospital Autopsy Records, 1906, No 113) — Patient 
A woman, aged 49, entered the Boston City Hospital for the first time Dec 23, 
1905 She gave an indefinite history of rlieiimatism seven years previous Her 
present illness had a duration of five months She complained of pain over the 
piecordia, shortness of breath, orthopnea and cough with abundant yellowish 
expectoration Her ankles had also been swollen 

Fust Physical Examination — ^Tbis revealed an irregular pulse, enlarged heart, 
and cardiac murmurs The lungs showed a few rhles at the bases The liver was 
enlarged by percussion There was a question of a slight ascites, and there w'as 
marked edema of the lower legs 

During the patient’s stay in the hospital, until Jan 20, 1906, her heart 
became more regular, the murmurs became moi e pronounced, and her edema 
tically cleared up On Maich 20, 1906, she was leadmitted to the hospital She 

3 These measuiements refei to the ciicumference of the vah'e, measured at 
the base of the leaflets after the heart has been opened 
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had been pretty ^^ell nntil the last few weeks Dming this time she had been 
unable to lie down and has been shoit of breath 

Becond Physical Examination —Tins showed cyanosis, dyspnea, orthopnea, an 
irreoular and enlarged heait with double murmuis, signs of fluid in both bases, 
liver enlarged to peicussion, but not felt, ascites and marked edema of the legs 
On April 14, 1906, the patient’s symptoms had impioved slightly, but had not 
disappeared She left the hospital, howevei On May 22, 190G, she again enteied 
the hospital Since her last discharge she had not been well She could not lie 
down and she raised considerable yellow sputum tinged with blood 

Third Physical Examination — ^Physical examination showed dyspnea, orthop- 
nea and cyanosis The heart was enlaiged, irregular and weak with double mui- 
murs There was hydrothorax, ascites and marked edema The size of the liver 
could not be made out by peicussion 

On April 29, aftei a few days of apparent impi ovenient, the patient suddenly 
died At no time during hei staj^s in the hospital was her temperature elevated 
except for two days at the time of entrance on the last time 

Autopsy Repot t — Rather obese woman Slight edema right hand and foot 
Marked edema left aim and hand, leg and foot Slight ascites Hydrothorax and 
hydropericardium Heart, 700 cm Measurements of valves, tncuspid, 13 cm , 
pulmonic 8 5 cm , mitral, 11 5 cm , aortic, 8 5 cm Myocardium pale. Slight 
thickening of the endocardium over the mitral leaflets Ho reti action Lungs 
infarction of the left lower lobe Liver, 2400 gin Vessels engoiged 

Anatomic Diagnosis — Acute peiicarditis, acute and chronic pleuritis, 
hypertiophy and dilatation of the heart, chronic myocaiditis, chronic endo- 
carditis, chronic passive congestion of the hver, spleen and ladney, embolus 
of pulmonary aitery, atelectasis of lowci lobe left lung and lowei pait of uppei 
lobe of left lung, ovarian cyst, mucous polyp of the cervix of the uterus, chionic 
ependymitis, artenosclerosis, edema of brain, cysts of choroid plexus 

Microscopic Examination — ^The liver showed a distention and engorgement of 
all the sinusoids and blood-vessels with red blood cells There was no apparent 
diminution in number of the liver cells, or necrosis of livei cells 

Case 3 (Boston City Hospital Autopsy Records, 1907, No 2) — Patient — A 
man, aged 48, entered hospital Oct 19, 1906 Past history biief and negative in 
regard to the heart Present illness has duration of one month Onset, which 
was gradual, consisted of slioitness of breath Then patient noticed he had to 
pass urine four to five times at niglit, also that his feet began to swell and 
gradually his scrotum 

First Examination — ^This showed heart enlarged to the right, action regulai, 
sounds faint, and a faint systolic murmur at apex and an increased pulmonic 
second sound, liver apparently not enlarged, slight ascites and marked edema of 
legs, thighs and scrotum The patient’s urine showed a good deal of albumin, 
some blood cells, but no fat 

The patient stayed in the hospital until October 31, when, his edema having 
disappeared, he went home He was consideied a case of nephritis of a diffuse 
type After leaving hospital the patient said he worked until the latter part of 
December On December 27, 1906, the patient again entered the hospital on 
account of shortness of breath and swollen legs, which had been coming on for 
thiee weeks 

Second Physical Examiiuition — ^This showed the following points Cyanosis 
heait area which could not be made out Heait sounds weak and no murmuis^ 
Edema and pleural fiuid at the bases of both lungs, ascites and marked 'edema of 
legs, thighs and scrotum The liver dulness was not made out The edema steadily 
inci eased until the patient died, Dec 31, 1906 The clinical diagnosis was still 
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a form of nephritis Theie vas no olc\ation of the temperature at either of the 
stays in the liospital 

Autopsy i?(?poJt— Fingcr-tips blue, mnihcd edema of body, less of face 
ascites, lijdiotliorax, hjdropencnidium Hcait, 710 gm Valves norma/ 
Measurements, tricuspid, 13 cm , pulmonic, S cm, mitral, 9 5 cm, aortic, 7 
cm Color of myocardium brownish-rcd nitli yellow and light gray aieas 
coionanes slightly thickened. fables, 

Anaiomc iliapHOsis— Hypertrophy of heart, general anasarca, cough and 
edema of lungs, chronic passive congestion of the spleen, liver and kidnev, 
chronic pleurisy, arteriosclerosis, aberrant pancreas, edema and congestion of 
the brain, cjst of choroid plcvus, arteriosclerosis of the basal \e 3 sels 

ilftci oscopio Exaimnaiioii — ^Thc liver shoved congestion of the sinusoids and 
Wood vessels luth red Wood corpuscles, but no diminution of the liver cells or 
neciosis of them Kidney shoved congestion, some sclerosis of the arteries and 
thickening of some of the vails of the glomerular capillaries 

From the autopsy findings it seems evident that this was not a case of 
chronic diffuse nephiitis, hut that tlie mam cause of the edema lay in the 
weakened, hypertrophied and somewhat dilated heart 

There is no doubt that in these two cases ve are dealing with long- 
standing cardiac insufficienc} Both of these patients had congestion of 
the liver hTeither of these cases presented a picture of destiuction of 
the liver cells from long-continued pressure Fioin these two series it is 
-evident that cases of chronic passive congestion of long standing exist 
without any disappearance of the liver cells Furthermore, it is endent 
that in cases where the liver cells have disappeaied this disappearance is 
due to necrosis and not to continued pressure. 

To emphasize the point that necrosis and not long-contmued conges- 
tion IS the primaiy factoi in liveis in which the cells have disappeared, 
the following case is given, which represents a small class of cases studied 

CASn 4 (Boston City Hospital Autopsy Record, 1907, Ko 37) — Patient — A 
man, aged C5, entered liospital Jan 20, 1007 His past liistory is brief and nega- 
tive as regards the heart His present illness is of eleven days’ duration, and 
started with a sudden attack of dyspnea and with a cough accompanied hy a 
thick vdiite sputum Ho has had three chills in three weeks, some pain ovei the 
precordia He has noticed no swelling of the legs 

Physical Examination — ^This showed marked piostration and dyspnea Pulses 
legular and Corrigan in type Heart slightly enlarged with a regular action and 
■diastolic murmur, denoting a leak at the aortic valve The lungs showed a dif- 
fuse bronchitis, but no edema at bases The livei extended fiom the sixth rib to 
the costal margin Its edge was not felt There was no edema After five days 
in the hospital without appreciable change a sudden acute general edema of the 
lungs developed and the patient died 

Autopsy Report — ^No edema, 400 cc slightly peritoneal fluid Heart, 700 
gm Cavities very large Aortic valve, many small Avhite calcified masses Other 
valves normal in appearance Measurements of valves tricuspid, 14 cm , pul- 
monic, 9 cm , mitral, 11 3 cm , aortic, 8 5 cm Liver weight, 1700 gm , dark 
blown in color with increased consistency, markings very distinct Weight of 
kidneys, 350 gm Each kidney has a few cysts The glomeruli visible Capsule 
stiips easily 
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Anatomic Diagnosis — ^Hj'pei trophy and dilatation of lioait, chionic neph- 
ritis, hronchopneumonia, chronic pleuritis, edema and congestion of lungs, slight 
chronic endocarditis, arteriosclerosis, double inguinal hernia, chronic localised 
peritonitis, subpial edema, cyst of chorioid, artei losclerosis of basal vessels 

Microscopic Examination — ^The liver is not especially congested throughout 
There is quite an extensive necrosis of the liver cells around the central veins 
Near the central veins around these necrotic cells the red blood cells are filling 
the sinusoids and also the spaces occupied by the necrotic and shrunken livei 
cells, and also spaces from which the liver cells seem to have disappeared Kid- 
ney Some of the glomeruli are sclerotic with a slight amount of lymphocytic 
infiltration and slight increase of connective tissue IMucli of the tubular epithe- 
lium IS gianular with an occasional cast 

Here we have a case of an enlaiged heart appaiently due to aiterio- 
sclerosis or to chronic nephritis of long standing The heart, howevei, 
has never shown broken compensation, and that it has been able to do its 
work well is shown the fact that there was never any edema and that 
microscopically the liver was not especially congested. Still, in this case 
there is the appearance around the central veins of congestion and disap- 
pearance of liver cells In other places, however, where tliere is no 
congestion, the liver cells aiound the hepatic vein are necrotic, and these 
necrotic cells are in such numbers that it is impossible to record then 
death as due to anything short of a toxin In other words, tins is a 
typical case of central necrosis due to toxins, but it is complicated by 
being of the hemorrhagic type in many places, and therefore closely 
resembles the picture considered characteristic of chronic passive con- 
gestion Although no especial study has been made of the point, it has 
been noted that this form of hemorrhagic necrosis has been met with only 
m cases in which theie is some disturbance of the circulation 

From these cases the following conclusions seem justifiable Uncom- 
plicated chronic passive congestion of the liver, even in cases of long 
standing, does not necessarily lead to atrophy and disappearance of liver 
cells It IS, therefore, possible to imagine their disappearance in other 
cases as due to something else than long-continued congestion Hemor- 
rhagic necrosis of the liver is a very frequent complication of chronic 
passive congestion of the liver This form of liver necrosis probably 
occurs only in cases with some degree of cardiac insufficiency 

51 Herford Street 



CHRONIC ALEHCEMIC ENLARGEMENT OE THE 
LYMPHATIC GLANDS 

c W DUV.\J., M D 

XI \V OKU AN S 
AND 

C P HOWARD, BA, MD 

AfONTnrVN 

Oul only e\cuFe foi adding to tlie alieady oveibuidened hteiatme of 
tliG patliolog}' of the hmphatic glands is the belief that theie is still need 
foi long and careful obsei ration on cases of an} disease of this s}stein, 
but nioie especially of the group oiiginally designated b}^ the term 
'‘pseudoleucemia ’’ Our knowledge of this gi oup has reached the point 
wheie one case, studied carefully by the clinician in con3unction with the 
pathologist, IS of more value than a laige senes of cases drawm fiom the 
aveiage medical, suigical and pathological lecoids, which are not com- 
plete in all the necessaiy details ^ 

HisTonr or case 

Patient — An unman led wlnte woman, J G , aged 29, was admitted to the Mon- 
treal General Ilospital, Oct 20, 1907, complaining of weakness, loss of weight, 
enlaigement of the glands, morning chills and pain in the left side of the abdomen 
The patient was born in Ireland, but had lived in Canada ten years w here she was 
engaged m housework Tliough she had never been robust, there was nothing in 
eithei the personal or the family history which suggested tuberculosis She had 
acute articular rheumatism at 9 years of age, which, owing to the pain and swell- 
ing in both ankles, incapacitated her for si\. w'eeks The use of alcohol or other 
drug w'as denied, and there was no history of lues On Oct 17, 1905, she had 
had a full-term child with instrumental delivery and without special hemorrhage 
In November, 1906, the patient had an attack of “muscular rheumatism” which 
lasted for six months and which confined her to bed for some weeks on account 
of aching pains in the muscles of the right arm and shoulder and the right leg, 
the pain was worse at night and on movement The muscles W'eie very tender 
but there was no swelling or redness 

Present Illness — This began in April, 1907, when the patient was again forced 
to go to bed on account of wealniess, chilly sensations and night sweats Vomit-* 
ing pieceded by slight epigastric pain occurred each morning after breakfast 
Constipation was persistent There was no hematemesis Chills followed by 
sweating became frequent, occurring day or night and varying in duration from a 

* From the Clinical and Pathological Laboratories of the Montreal General 
Hospital 

1 We wish to thank Dr F G Finley, who kindly afforded us the oppoitunity 
of studying the case 
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few minutes to two lionrs In July, 1907, the patient first noticed enlargement of 
the glands in the right side of the neck and subsequently in the right axilla and 
the left side of the neck The glands were very tender, at times painful, but never 
broke down There was no cough or expectoration, but cardiac palpitation 
occurred on exertion Dysmenorrhea was present from July, 1907 The appetite 
steadily failed and the patient grew gradually weaker She had lost 35 pounds 
in weight in twelve months She had become very nervous and irritable and had 
been unable to work since the onset of her illness 

Physical Examination (October 20, 1907) — ^The patient was found to be well 
developed but poorly nourished. The face and mucous membranes were pale and 
the skin moist The bones and joints were normal The thorax was well formed 
except for slight flattening in the right infraclavicular region The lungs were 
resonant throughout, and the breath sounds were vesicular The circulatory sys- 
tem was negative The tongue was pale but clean The abdomen was flat and 
soft The liver was not enlarged The firm edge of the spleen was just felt at the 
costal border The urine was straw-colored, acid, sp gr 1017, and contained 
neither albumin nor sugar, microscopically it showed epithelial d6bns and a few 
pus cells The temperature ranged between 99 2 and 101 4 F and the pulse 
between 88 and 108 

Glandular System All the superficial glands were enlarged, firm, discrete, 
freely movable, not adherent to the skin, and slightly tender The posterior and 
anteiior cervical glands on both sides were markedly enlarged, varying from the 
size of a small bean to that of a hazelnut The right posterior auricular glands 
were about the size of a pea, while the supraclavicular glands on both sides were 
about the size of a bean In the right axilla the glands were the size of marbles 
and formed a regular chain along the border of the pectoral muscles, in the left 
axilla only one or two glands were to be felt The right inguinal glands weie 
moderately enlarged The left epitrochlear gland was also palpable The medi- 
astinal glands were enlarged, as shown by dulness over the^ manubrium and upper 
portion of the sternum, extending laterally 6 5 cm to the right and 3 5 cm to 
the left of the midsternal line, and downward from the episternal notch to merge 
with the cardiac dulness below The retroperitoneal glands were not palpable 

Course of Disease — On October 21 the blood examination revealed a moderate 
secondary anemia with slight leucocytosis, and a tentative diagnosis of Hodgkin’s 
disease was made 

On October 23 two glands were removed from the neck for mici oscopic exami- 
nation On three other occasions during the course of the succeeeding ten months 
glands were removed for histological study The sections showed the histopath- 
ologieal picture described by Dr Dorothy Heed 

Repeated blood examinations were made which will be discussed subsequently, 
suffice it to say that there was always a slight secondary anemia which increased 
as the disease advanced There was also a slight but definite leucocytosis The 
Widal test and blood cultures proved negative The eye-grounds were normal 
After a short period of apyrexia during the second week after admission, there 
developed an irregular, intermittent fever ranging between 98 in the morning and 
102 F in the afternoon Fairly profuse sweats occurred daily Chilly sensations 
were occasionally complained of, but there were no actual rigors 

By January, 1908, the glands on the right side of the neck had increased to 
about the size of a hen’s egg The dulness over the manubrium and the splenic 
enlargement persisted The color was strikingly pale and out of all proportion 
to the hemoglobin defect This, with the general glandular enlargement, pre- 
sented an unusual picture On jMarch 2 the Calmette reaction was negative On 
March 4 the spleen was noted to be larger, reaching three fingers’ br^dth below 
the costal border, the edge was very firm and the surface felt irregular 
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On :May 7 tlio patient \^a8 noted to be gradual^ failing, the color had become 
more and more ^\a\y, suggesting tbc nliitc type of pernicious anemia The gums 
and mucous membranes appeared almost bloodless and the tongue the color of 
pork The tonsils were sliglitlj enlarged There "nas broivnish desquamation 
o\er the trunk (arsenical) but no special pigmentation of the avilla oi mouth A 
general pruritus nas %cry troublesome All the superficial glands had diminished 
until the cenical glands \\cre about the si/e of cherries, the axillary about the 
si/e of marbles and the epitrochlcar of split peas, the inguinal -varied from the 
sire of a pea to that of a filbert The dulncss over the manubrium was not so 
extensive There were no retroperitoneal glands palpable The abdomen was 
strikinglv full ns compared with the patient’s emaciation, owing to the presence 
of ascites Tlie liver was not enlarged but the spleen reached to the level of the 
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umbilicus in the midclavucular line, the edge was thin, sharp and notched an 
two irregularities were felt on the surface There was slight tenderness on per- 
cussion or^er the tibiai and femora 

On August 2 the patient’s condition was noted to be grave There was pro use 
diarrhea Emaciation was extreme and the pallor striking The temperature a 
become subnormal There had been a further diminution in the size of the g 
none were larger than an almond and there was no longer dulness over e 
manubrium The spleen could no longer be felt The patient gradually san ' an 
died on the morning of August 5 

Treatment —After admission various tonic and supporting methods of treat- 
ment were tried [including, owing to the possibility of syphilis being t le e lo 
ical factor, a prolonged course of potassium lodid in doses up to 30 grams three 
times a day], all without effect on the course of the disease, subsequently iron ana 
arsenic were given without apparent benefit 
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The Blood — ^Blood examinations Aveie made at intervals of one month The 
hemoglobin percentage, which was estimated by Sahli’s instinment, was consider 
ably below normal, and always lower than the peieentage of red cells The latter 
showed a slight but definite diminution until shoitly before death, when a marked 
anemia existed The coloi index at first was very low, but as the anemia pro- 
gressed it lose until it reached 0 9, the anemia was therefore of a progressive 
secondary type The usual stigmata of a severe anemia were absent for the first 
four months, after which a few noimoblasts appeared During the last two 
months of life maciocytes, microcytes, poikilocytes, polychromatophils and a 
considerable number of noimoblasts weie observed, with an occasional intei- 
mediate type of erythroblast, but megaloblasts weie never noted There was, 
therefore, a considerable derangement of the erythropoietic mechanism 

A slight leucocytosis was present This at first was due to an increase of the 
non-granulai mononucleai cells, but later to an increase in the polymorpho- 
nuclear neutrophils- Thiee types of the non-gianulai mononucleai s weie pres- 
ent, namely 

1. Small lymphocytes, i e , the typical small non-grannlar cell about the size 
of a red blood cell with deeply staining basophilic nucleus and narrow rim of 
deeply staining protoplasm, these cells were for months markedly diminished in 
number, and it was only towaids the end of the disease that they reached normal 
limits 

2 Large lymphocytes of Ehilich, i e, cells in eveiy way resembling the 
foinier except in their size, which varied from a little less to a little greater than 
the polymoi phonuclear cell, they were always present and at first formed 6 0 
per cent of the total white count These cells are considered by Ehrlich to be 
present in small numbers normally and are to be differentiated from the myelo- 
blasts (Naegeli) or unripe cell (Grawitz) present only in pathological blood 
They were, however, in this case, at least in the beginning, above the ndrmal 
limits 

3 Large mononuclear and transitional cells, the formei weie voluminous 
cells with a diameter two or three times that of a red cell with a round, feebly 
staining nucleus and a relatively large amount of non-granulai , weakly basophilic 
protoplasm The transitional cells were similar except for a kidney-shaped or 
indented nucleus and the presence of a few neutrophilic gianules These two 
types, which were grouped together, were at the first examination markedly in- 
creased in number, but gradually diminished during the subsequent foui months 
until they reached the normal limits 

Myelocytes of the neutrophilic variety were on seveial occasions found in 
small numbers and presented the usual characteristics No eosinophilic myelo- 
cytes were found The polymorphonuclear neutrophils, which on first count were 
relatively diminished, later became relatively and absolutely increased, and 
finally, before death, relatively and absolutely diminished The polymorphonucleai 
eosinophils, in spite of their enormous increase in the glands, were not increased 
in numbei in the blood hlast-cells oi the polymorphonuclear basophils were 
normal oi absent On one occasion a single “Turk giant cell” was found, i e , 
a very large mononucleai cell uith a round eccentric nucleus and a deeply stain- 
ing reticular protoplasm 

Hence there was present in the course of the disease a model ate leucocytosis 
due at fiist to a Ij^mphocytosis of the large celled variety as was first noted in 
this condition by Ehrlich and Pinkus Subsequently a slight polymoi phonucleai 
leucocytosis was present, as is usual in this group of cases Before death this 


2 The stain usually employed was Wright’s modification of the Eomanowski, 
but on several occasions Ehilich’s triacid stain was used in confirmation 
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ALEUCEMIC E-NL‘iRQEME2^^T OF LYMPH GLARES 

latlei loucocylosis ^\as replaced by a normal leucocyte count vitli a model ate 
small celled lymphocytosis 

Au/opsy— Tlu ‘1 Mas peifoimod on Aug 5, 1908, eight hours after death and 
thirteen months after the onset of the glandular enlargement 

The body was that of a fairly well dc\ eloped but markedly emaciated w'hite 
woman The mucous membranes Mere \cry pale and thcie Mas slight edema about 
the ankles and the right hand Ko rigor mortis Mas present The lymph glands 
Mcie distinctlj palpable in the neck, aMllni and groins 

The biain, cord and meninges appealed normal The bone marrow removed 
from the middle of the femur Mas of the icd %arict}, quite firm, and heavily 
flecked Mith fatty tissue 

The pleural Mere normal llie lungs Mere voluminous and crepitant, with 
slight enipln ‘^cma at both apices, nOMhere Mas there congestion or edema The 
mediastinal and bionchial iMiiph glands Mere greatlv enlarged, averaging 2 by 1 
cm in diamctci On ccclion tiie\ Mere of a uniformly i eddish pink color e\ccpt 
mIioic thej Mere deeph stained In carbon jiigmcnl XoMherc Mas there gross c\i- 
dcncc of tuberculosis 

The pericardium Mas normal and the licart, though small and flabby, showed 
no gross lesion 

'Jlio peritoneal caMtj' contained 2 5 litcis of slightlj turbid fluid The parietal 
and Msceral peritoneum Mas smooth and glistening, and free from adhesions The 
mesenteric lymph nodes Mere slighth increased in sire, mIiiIc llic retroperitoneal 
nodes Mere markedlv enlarged and quite firm The largest glands Mere found 
about the lesser cur\aturc of the stomach JCo hemohmph glands Mere dis- 
cernible 

Ihe gastrointestinal tiact Mas normal eveept for the Ijmphoid structures 
which Mere sMoIlcn and pigmented 

The In or MCighed 1020 grams, it Mas pale and flabby On section the organ 
presented the normal gross appearances The ducts and gall-bladder were normal 

The spleen Mcighed 335 giams, it Mas aerv firm and irregularly nodular 
The nodules ranged from the swo of a pea to that of a small marble On section 
some of the nodules appeared firm and dark led in color, nhile others were puie 
white and sharply defined Hio Malpighian bodies Mere obscured No splenic 
pulp came an ay on sci aping 

The kidneys weighed 300 giams, their capsules stripped readily On section 
the noimal markings were poorly defined Tlie !Malpighian tufts weie not Msible 

The pancreas, adicnals and genito uiinaiy organs weie normal 

Anatomical Diagnosis — Hodgkin’s disease, gcneial glandular enlargement, 
acute and chionic splenitis, anasarca, fatty degeneration of the heart, chronic 
inteistitial nephiitis, lymphoid metaplasia of femoral marrow 

HISTOLOGY 

For histological study the tissues were fi's.ed in Zenker’s fluid, alcohol, and 
formalin, and embedded in pai aflin Eosin methylene blue, hematovylin and eosin, 
and Mallory’s connective tissue stains were employed in the routine staining of 
the sections 

In the following histological descriptions the organs will be considered sepa- 
rately 

LungSi — ^Normal except foi a slight peiibronchial pigmentation 

Heart — There is an absence of the epicardial layer of fat The muscle 
fibers shoiv in areas a preference for the ecsin stain The striations are poorly 
defined and often lost, while the fibers are swollen, granular, and contain fat 
vacuoles as shown by the Scliailach-R stain in formalin-fixed sections This fatty 
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degenei ation is latlier diffuse There is also an occasional patch of fibiosis 
leplacing wholly, or in part, the muscle fibers 

Kidneys — The cortex shows a few isolated areas of dense, fibrous connective 
tissue in which the renal tubules are almost completely absent Here and there 
in the medulla the epithelium of the convoluted tubules is swollen and finely 
granular 

Uteiiis and Ovanes — ^There is a moderate degree of intimal and medial thick- 
ening of the vessels 

Panel eas — This shows an increase of the interlobular connective tissue The 
smaller vessels are injected and there is a modeiate grade of perivascular lympho- 
cytic infiltration 

— ^The vessels are model ately injected The caudal cells are almost uni- 
formly cloudy and many of them contain pigment An occasional vessel shows a 
perivascular infilti ation of mononuclear leucocytes and a few eosinophils, no 
large mononuclear or multinuclear cells aie present 

Small Intestine — The mucosa is covered with an extensive membrane which in 
places shows beginning organi7ation The submucosa is uniformly thickened by 
edematous connective tissue The mucosa is completely lost in places and pre- 
sents the picture of a healed ulcer Some of the lymphatics are dilated and filled 
with cells, chiefly of the mononuclear variety In the interstices of the sub- 
mucosa, especially wheie the edema is most marked, are numerous polymorpho- 
nuclear neutrophils Both muscular coats and the serosa are normal The lymph 
follicles aie negative 

Spleen — There is slight congestion The Malpighian bodies are few and poorly 
defined, some are riddled with intercommunicating bands of newly-formed con- 
nective tissue Infiltrating these connective tissue bands, and, geneially speaking, 
confined to these areas, are fairly numerous eosinophils averaging about 17 cells 
to a miscioscopic field (ocular 4, objective 1/12) Other Malpighian bodies show 
areas of large cells which stain more lightly than the lymphoid cells and contain 
a considerable amount of altered blood pigment No giant cells aie seen in the 
sections The fibrous tissue is usually increased about the periphery of the gland, 
giadually replacing the Malpighian bodies until theie are but a few cells immedi- 
ately surrounding the cential vessels Othei Malpighian bodies aie completely 
obliterated by the fibrous tissue encapsulation, though the central vessels remain 
apparently unaffected 

The pulp IS riddled with fibrous tissue The blood-spaces, in the main, are 
nan owed into mere slits or are completely obliteiated by cicatricial tissue There 
is apparent a compensatory enlargement of the surviving blood-channels The 
plasma cells are greatly diminished in number Neitlier mast-cells nor myelocytes 
are found Only after a long search is a collection of noimoblasts found in con- 
junction with a few eosinophils and plasma cells, elsewhere normoblasts aie 
found singly or in pairs Some sections show old, anemic infaicts, surrounded by 
a broad zone of hemorrhage 

Bone Marrow — ^The bone marrow from the femur presents the red marrow or 
lymphoid type, the fatty portion is for the most part replaced by cellular tissue 
The vessels are distended with blood There are the usual foci of erytliroblasts, 
entirely of the normoblastic type Neutrophilic myelocytes are present in the 
normal proportion The eosinophilic type of myelocyte is perhaps unusually pre- 
ponderant The large lymphocytes or premyelocytes are also quite numerous 
Theie are many polymorphonuclear neutrophils and eosinophils One or two giant 
marrow cells are found but no mast-cells Two or three foci of lymphocytes are 
seen in which there are a few uninuclear and binuclear giant cells, without evi- 
dence of nuclear division 
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ALEUCEMIC Eh'LiItGEMEET OF LYMPH GLIYDS 

LymphaUc Glands — Sit glands a\cic rcmo\ccl from either the axilla or neck 
on four different occasions during the course of the disease— four, fi\e, nine and 
ten months after the glandular enlargement was first noticed by the patient The 
pi ogress of the disease process, as shonn b\ the histological picture, did not 
nhiais coriespond uith the time of the rcmoial of the gland, as some of the 
glands fiist examined uerc in a more ndianced singe than ncrc those subsequentlv 
removed At the autopsy glands ucic procured from the conical, axillary, medi- 
astinal, peiibroncliinl and rctropcntoncal regions Sections from thirteen of the 
glands removed at the post-mortem, together with the six removed during the 
course of the disease supplied the matciial for studv 

Hie glands wore irrcgularh oval in shape and were easily dissected away from 
one another and from the surrounding tissues In consistency tlicj were firm and 
clastic, and varied in si/o from 4 cm to 0 5 cm in diameter No verj large glands 
were found, though on the whole those removed during life were larger than those 
found at autopsy At no time was there evidence of softening or fluctuation On 
section they were of a uniformlv gray or reddish pink color, scmitranslucent and 
often distinctlj’ lobulated, the cut surface wa"; granular but did not exude blood 
or other cellular matciial There were no gross evidences of tuberculosis, such as 
caseation or calcification 

There are two very striking points in the microscopical picture, vi7 (1) 
The invasion and subsequent obliteration of the normal gland slniclurc by con- 
nective tissue and (2) the presence of abnormal cells 

The condition of the gland capsule vanes groatlv , m <;ome sections it is very 
distinct and uniformlv thickened to main times the normal, in others there is no 
definite capsule but a dense, irregular mass of fibrous tissue which is apparently 
the result of both a periglandular and an intraglandular incicaso As a lulc, the 
capsule remains well defined in the earlj period of the disease, in the later stages, 
however, it invades the gland tissue In most glands the trabeculro are more 
numerous, larger and thicker than normal, m the last stages of the process tliej 
present evidence of advanced. In aline degeneration 

The normal stiucture of the gland is either markedlv altered or entirely lost, 
depending on the stage of the disease The outer Ijmph channel is partially or 
completely obliterated by fibrous connective tissue The internal lymph channels 
are either blocked by abnoimal cells or narrowed by the new growth of connective 
tissue Late in the course of the disease surviving Ij mph channels are often found 
enormously dilated and the gciminal centers are with difiicultv’ recognized, though 
possibly the latter are the last to be invaded bv' the fibrous tissue, they are often 
so altered as to be readily overlooked In none of the glands is there either evi- 
dence of active proliferation in the germinal centers or increase in the lymph- 
adenomatous tissue proper, as noted in the glands during the earliest stages of 
the disease by Reed and Longcope No doubt this early stage had been succeeded 
by another which, though the earliest stage observ^ed in our case, was not the first 
development of the disease process The enlargement of the glands is primarily 
due to the presence of abnormal cells Purthermore, in no stage of the disease is 
there any evidence of the gland paienchyma infiltrating beyond the capsule as is 
the rule in lymphosai coma The new tissue consists of (1) proliferated endo- 
thelial cells, (2) mononuclear and multinuclear giant cells, (3) eosinophils, and 
(4) fibrous connective tissue These will be discussed in detail 

1 Large Endothelial Cells (the epithelioid cells of Heed) These are large 
cells sev^eral times the diameter of the lymphocytes, and more suggestive of the 
pale staining cells with vesiculai nuclei which occur in the center of the germinal 
nodules of lymph-glands and the Malpighian bodies of the spleen in certain acute 
infectious diseases They have an ov^oid or vesicular nucleus with a distinct 
nucleolus and an abundant non-granular, lightly staining protoplasm, they lie in 
the main in the lymph channels and often form a mosaic As a rule they are 
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more numeious in the fields where there is little or no increase in the connective 
tissne It would seem that these cells take their origin from the endothelium of 
the lymph channels and spaces In one section many of the lymphatics are 
occluded by the endothelial cells, while in another section a typical mononucleai 
cell IS found still attached to the wall of the vessel (Fig 2), and in yet another 
field a large mononucleai cell is fixed in the act of passing through the wall of the 
vessel 

2 ]\Iononuclear and Multinuclear Giant Cells All stages in development 
from the large mononuclear cells to still larger mononuclear and multinuclear 
giant cells can be traced The cell protoplasm is irregular in outline, non-granu- 
lar and pale staining The multinuclear cells contain several nuclei varying from 
three to eight in number These nuclei are heaped together centrally or peripher- 
ally but never with the discrete and regular peripheral arrangement so character- 
istic of the giant cell in tuberculosis The nuclei stain deeply, are rich in 
chromatin, and contain one or several well-defined, deeply staining nucleoli jMany 
of these giant cells show karyokinetic figures It is evident that these cells become 
multinucleated by a process of amitosis In one section they occur free in the 
lumen of the blood-vessels In the glands of the more advanced stages many of 
the giant cells have apparently i cached their maximum development and show evi- 
dence of piotoplasmic degeneration and fragmentation of the nuclei Their occur- 
rence not only in the lymph channels but everywhere throughout the gland paren- 
chyma, their nuclear structure and their staining reactions, suggest an endothelial 
origin No “islands of syncytium” as described by Weishaupt and Longcope aie 
found 

3 Eosinophils In nearly all the glands in the early stages of the disease the 
eosinophils are very numerous In some parts of a section, under low magnifica- 
tion, they give the impression of an entirely red field They are almost always to 
be found in relation ivith the new fibrous connective tissue and form a “rear- 
guard,” as it were, to the latter They become less numerous as fibrosis becomes 
more complete Occasionally they are present in groups independently of any spe- 
cial fibrous tissue growth They are all polymorphonuclear cells of the type found 
in the circulating blood, none are seen lesembling in size or morphology the 
myelocytic eosinophil (Fig 4) 

4 Fibrous Connective Tissue Even in the earliest stage studied by us there 
IS an increase in the fibrous connective tissue This seems to have its oiigin in 
the gland capsule and its trabecula; In some glands the primary increase in the 
connective tissue is about the outer lymph sinus from which the subsequent 
invasion of the gland parenchyma has its origin It gradually invades the par- 
enchyma, pushmg it aside and replacing it until only islands of lymphadeno 
matous tissue remain Finally these islands become barely discernible All stages 
in the development of connective tissue, from the youngest fibroblasts to dense con- 
nective tissue, aie well shown by Mallory’s connective tissue stain This diflTer- 
ential stain also furnishes proof that the fibrosis begins at the periphery and 
gradually works inward, and that the germinal centers are the last to be sclerosed 
The connective tissue is in places quite cellular but almost always free from a 
lymphoid and plasma cell infiltration Sometimes there are seen newly formed 
vessels within the yoimg connective tissue 

Plasma Cells These are only occasionally present in an appreciable number, 
and as a rule are absent Only in one gland from the early stage of the disease 
are they markedly mcreased Many of them contain mitotic figures 

Polymorphonuclear Leucocytes These are in the majority of glands singu- 
larly scarce, though in one gland removed early in the disease they exist in con- 
siderable numbers and occur in definite foci 
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Pimpcytic Colls In some conncctne tissue areas of certain glands theie are 
modciate numbers of endotliclial cells nliicli arc pliagoc 3 'tic for blood pigment 
Blood--\ esscls In the cnilj stages of the disease the larger vessels of the 
glands shon edema of the vails In the latei stages manj of the arteries and an 
occasional ^oln aie grcatlj distoitcd and contain focal lesions in the intima and 
media, one large -sessel •^hovs calcaicous deposits in the media and to a less ovtent 
in the intima The intimnl lesion is iniariablj of a focal, prolifeiatuc charactei 
riieic is paitial and sometimes complete obliteiation of manj' of the larger lessels 
in the more adianced si igcs of the disease In one oi tvo glands there is evi- 
dence of iccent hemonhages into the gland substance Occasionallj’ there occurs a 
perivascular infiltiation of Ijmphoid and plasma colls in which are numeious cells 
containing blood pigment 


ISTowhoie are there concentric foci of epithelioid cells giant cells of the Lang- 
hans type, necrosis or other evidence of tubciculosis In one section there is found 
embedded in the connective tissue of the periphei-j of the gland a laigc multi- 
nuclear giant coll which nioic closelv resembles a “foreign bodj giant cell” than 
the usual tvpical mnltinuclcar coll above described, it is surrounded bv a cir- 
cumscribed aiea of Ivmphocvtes but without rpithelioid cells or evidences of 
neciosis 


lo genoraliv'o, then, the disease proco'^s ns seen bj’ us can bo divided into four 
stages, some of which me illustrated at tunes in the same gland, but more often 
in ditTorent glands I he ciiliei stages aic best seen in the glands icmoved duiing 
life, but occasionallv a gland is found at autopsv which shows the early stage of 
the piocess Tlie earliest stage described bv Heed and Longcopc, namel}, the 
hjpciplasia of the Ivmphadonomatous tissue, is not seen in our case 

Fust Stage — Here the striking feature is the gicat numbei of large mono 
nucleai cells and their development into the larger mononuclear giant cells 
w’hich often form collections in the gland parenchjma, presenting a 
picture not unlike the Graafian follicles in the cortev of the fetal ovan In 
addition, one secs gieat numbers of eosinophilic cells and some fibrous connective 
tissue invasion, though the normal structure of the gland is at this stage well 
preserved In this period plasma cells aic also numerous and aie still actively 
increasing, as evidenced bj' mitotic figures The increase in the size of the glands 
was undoubtedly due to these cells and not to the essential lymplmdenoid tissue 
(See Figs 1 and 2 ) 

Second Stage — This is characterized by fewer mononuclear cells and greatei 
numbers of their denvative miiltinuclear giant cells which are especially evident 
in the germinal centers Their nuclei picsent everj" evidence of active division 
Eosinophils are also vmry numerous bTevv fibrous tissue is now beginning to 
invade the parenchyma The disease process would appear to reach the height of 
development in this stage ( Fig 3 ) From now on the glands gradually diminish 
in size pan passu with the conti action of the fibrous tissue 

Tlnrd Stage — ^In this stage one sees fewer multmiiclear cells, except, liovv^ever, 
in the germinal centers As a lulc these cells have i cached full development as 
shovvm by the total absence of nuclear Sgurcs There is moie fibrosis and conse- 
quently less gland structure The lymphadenoid tissue is the first to yield to the 
connective tissue invasion, the lymphoid cells have lost their normal staining 
reaction, the nuclei are fragmented, and the abnormal cells are rapidly disappear 
ing The eosinophils are distinctly fevvei and in some sections diflScult to find 
The vessels, too, show a more advanced degree of obliterative endaiteritis (Fig 5) 
Fourth Stage — Finally there is almost complete replacement of the gland 
parenchyma by fibrous connective tissue The mononuclear and niultinuclear giant 
cells have almost completely disappeared Some glands show little islets of par- 
enchyma with a moie or less noimal lympliadenomatous structure and a few 
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miiltinuclear or even mononuclear giant cells and eosinophils Uiese islets, we 
believe, are the original germinal centers of the gland, which, though the first to 
show the presence of the characteristic endothelioid and giant cells, are the last 
structures to undergo fibrosis The eosinophils are totally absent in the scar 
tissue propel, but persist in the small aieas of gland tissue which have recently 
undergone fibrosis The fibrous tissue is, as a rule, denser, more conti acted and 
less cellular than in the previous stage Theie is often an enormous dilatation of 
the surviving lymph channels The trabeculai sometimes show an advanced stage 
of hyaline degeneration Further, in glands where fibrosis is very maiked, there 
are zones of fibrous tissue showing distinct degeneration (Fig G) 

BACTERlOnOGT 

Material planted on modified Dorset egg medium and blood-agar slants from 
the glands during life and at autopsy proved negative Portions of several glands 
were emulsified and in 3 ected subcutaneously and intraperitoneally into guinea- 
pigs, but without the development of tuhereulous lesions Lastly, sections from 
glands both in the early and late stages of the disease were stained for bacteria, 
notably for tubercle bacilli, but without result 

DIAGNOSIS 

The various possibilities suggested by the foregoing case were lymphatic leu- 
cemia, pseudoleucemia (Cohnheim), lymphosarcoma, Hodgkin’s disease, tuber- 
culosis and syphilis 

LympJmUo Leucerma — Clinically our case in many ways suggested this con- 
dition, the insidious onset, the pallor and secondary anemia and the generalized 
lymphatic enlargement Opposed to this diagnosis were the absence of a marked 
leucocytosis and especially the absence of the typical leucemic blood formula 
Furthermore, the histology of the glands removed during life and the complete 
post-mortem examination presented a picture quite distinct from pure lymph- 
adenoid hyperplasia 

Pseudoleuceima (Cohnheim) — Under this term we would include only those 
cases which resemble typical lymphatic leucemia in every respect except foi the 
absence of a leucocytosis This term should be confined to those cases which are 
followed from early in their course to autopsy, for it is now well recognized that 
lymphatic as well as myelogenous leucemia may have subleucemic or even aleu- 
cemic periods when the number of leucocytes is within the limits of normal, though 
the blood formula may still be a pathological one Now, as a case of true pseudo- 
leucemia may exhibit a slight leucocytosis with a relative or even absolute 
lymphocytosis, the close relation, if not the identity, of lymphatic leucemia and 
pseudoleucemia is very evident indeed in both there is the same lymphadenoid 
hyperplasia, but in the former there is an absence of marked leucocytosis through- 
out the disease There were many points clinically in our case suggesting 
the diagnosis of pseudoleucemia, which was excluded by the histological examina- 
tion of the first gland removed 

Lymphosarcoma — This was excluded clinically by the absence of regional dis- 
tribution so much emphasized by Kundrat, and by the discreteness of the glands; 
anatomically the process afi'ected only the lymphadenoid tissue, not the serous 
surfaces, periosteum or muscles The histological picture of the first gland 
removed suggested to one of us the possibility of a lymphosarcomatous process, 
however, further study of the glands failed to reveal any invasion of the gland 
capsule or other evidence of an aggressive character so diagnostic of this con- 
dition The presence of large numbers of eosinophils and the peculiar type of 
giant cell, together with the fibiosis, were further points against lymphosarcoma 
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ALVUCEMJC nXLARGEMm^T OF LYMPH GLANDS 


HodgLnis Disease— Clnncally, and subsequently pathologically, tins was the 
diagnosis made no\\ever one may object to the term “Hodgkin’s disease” on 
account of the ^allety of difTerent pathological conditions originally included 
under it, ue belio\c that the picture described by Fischer, Heed, Longcope and 
AfacCallum’ forms a distinct clinical and histological entity, and that to it 
belongs our case The clinical picture of the case reported uas not quite usual 
on account of the difTuseness and uniformity of the glandular enlargement upon 
the patient’s admission to the hospital Furthermore, not even at the height of 
the glandular enlargement ucre there those liuge masses in the neck or avillai so 
frequently seen in the disease Lnstlj, the retrogression in the sire of the glands 
and spleen some weeks before death was peculiar Tlie slight lymphocytosis was 
quite in accordance with Pinkus’ obsenations, the polymorplionuclear leucocv- 
tosis which subsequently developed is the more usual phenomenon, according to 
Schur Tiic points in this histological study were (1) a proliferation of large 
cndothelioid cells, (2) the presence of mononuclear and raultinuclear giant cells 
of a peculiar tjpe, (3) the presence of enormous numbers of eosinophils, (4) an 
early imasion and an ultimate replacement of the gland parenchjma by fibrous 
conneclive tissue, (5) the absence of necrosis, caseation, Langhans’ giant cells and 
tubeiclc bacilli 


^Ye belle^e, Iheu, tlmi the abo^e-en^unelated histological features 
foim a dislmctiYO picture and one which must leceive general recog- 
nition, call it by whatever name one will The original objections of 
Steinbeig, Crowder and Schur, wlio, fiom the piesence of undoubted 
evidences of tuberculosis in a ceilain numbei of their cases, concluded 
that the wdiole histological pictuic was due to the tubercle bacillus, is no 
longer tenable For if tubeiculosis may be a complication (i e, sec- 
ondaiT infection) or an associated condition in both l 3 unphaiic leucemia 
and pseudoleucemia, wh}^ not, too, in Hodglan’s disease^ Further, in 
Fischer's seiies of twelve cases, inoculation expeiiments were negative m 
all In Eeed^s^ senes of S cases, only one was found with an associated 
tuheiculosis, and that one of a terminal acute miliai}’’ type Kone of 
Longseope^s® 8 cases pioved tuberculous Though Simmons® found 
tubercles in the viscera of 3 of Ins 9 patients, in 5 of the 6 othei eases 
inoculation expeiiments proved negative Hiisclifeld^s' 5 cases weie 
negative histologicall}’’ and also after injection into guinea-pigs We agiee, 
therefoie, with Longcope, who wuxtes that “uhen tubeiculosis occuis in 
connection with Hodglan’s disease it can only be legarded as a secondary 
infection” Stembeig^s® moie recenl modification of his oiigmal views 
which assigned the chief idle to the toxins of the tubercle bacillus, admits 

3 MacCallum Johns Hopkins Hosp Bull , 1907, xviii 

4 Reed Johns Hopkins Hosp Rep , 1902, x, 133 

5 Longcope Bull Ayer Clinical Lah Ho 1, 1903, p 4 

6 Simmons Jour Med Research, 1903, ix, 378 

7 Hirschfeld Abstr in Folia haematol, 1909, vii, 151 

8 Sternberg Eigebn d Path, 1905, vii, 502 
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\h]:v(ji:][i(j nxL\U(!i]yn\T or d yrn f;L\M)i^ 


ihc jioint of contonlioii in siaiiiifr that the di'-onsc jnciuie is a pociiliai 
(Inonic nidaininnloiN jnoco^'- tliat in sonic (a‘-G^ no inbeirle bacilli can 
be found and Ibai in all the coni^c dilloi*' fioni dial of llic oidinaiv 
ulandtilai dtbeieulo‘>iv jlciuc all aic now aj^iocd dial wbalovoi idle die 
tnbcic'lc baiilln^’ oi ils toxins ina\ ])la\ in the jiailin^oncsH of Hodgkin’s 
di-case die bistolomcal jiutnio is one quite disiincl fioni that of glandii- 
!ai Inbeicnlosis d lie sujqioi IcM'- o| die tiibciciilous etiology ot ibis aficc- 
tion lia\e giadnalK lo^l giound c\en in (leiinain ]lon/oni.'' in a iccent 
nionogiajih on ji'-eiidoleiu einia. adinils ibal while liibeic iilosis ]s lesjion- 
sible foi die niaioii|\ of (uses ol giannloinata of the hiii|)h glands thcic 
aic othei toxins whuli inai be at woik A'en leienth ]]ii-chleldj at a 
incetiiig of the Jh’ilutri hmuiloltx/iKt hr dr'^rU^rlidj { spoke in no iincei- 
tain tonus in fa\oi of the entii\ ol Hodirhin ^ disease (aldioiiirh obiecl- 
incr stioniflv lo the nonienelatinc) and stated as Im belief that it lias 
nodiiii'f to do with iubeu iilosis Ifendn and olll-lOisnei ■'till suppoitcd 
Stoinbcigs onirnial eontention 

In oni jiaiticulai case theie wa^ no cMdeneo of tnbouulosis in am 
oigan dining life, and the (’nlinelle ophthalniu leautioii was negatne 
Wo agieo, iiowe\er with \\ oltl-Kisnei in the ununpoitanec of a negatne 
oeulai-tiiboiculin test in glandnlai luheuiilosis At an^ops^ the most 
caiofnl and pioAidiecd soauh (loi one of m was ho])efiil of establishing 
the tiiheunlous natuic of the disease in this jiaitirnlai case) failed to 
leieal in the irio's m niicios{Oj)i(alh in an\ of the Msocia the slightest 
oMdcnce oi old oi lecent tiibeieles oi acid-fast bacilli Fuitbeimoic 
lejicatcd cnltuial and iiioculation tests liotb dining life and altei death, 
])ioYcd enliielv negatne 'riic giant colls in no wa^ lesemhled those 
lonnd in tnheicnlosi', d’he eosinopliilic collections which nia\ accoiding 
to some ohscnois, somolimO', exist m glandnlai tiibcicnlosis, aie at all 
e\ ents vei y i ai c 

AVhile a siphilitic infection was denied In the patient, the occinience 
ot an illegiliniate piegnancy made ns doiihl'^ caiefnl in oni seaieli foi 
iheiapcntie test in the shape of a long com sc of potassunn loclicl in lull 
luetic stigmata though none sneli weie foiincl we applied the closes, cliu- 
nig which time the glandnlai enlaigeinent only continued to mo ease and 
the comse piogiossed clow mv aid 

Wo helieie, iheiefoic that in om case we have clinical and patho- 
logical evidence that iieitliei tiibcicnlosis noi lues placed a pait m the 
pathogenesis of tlie disease We ninst admit that, wdiatevei be the noxa 
tliat IS lesponsible foi tlie senes of changes in tins disease, it is as yet as 


9 Ron^oni Absti in Fohn liaeinatol , 1900, vii 
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obscuie as that of leiicemia and psendoleiicemia We agiee^ howevei, 
that the disease, both chnica% and pathologicall} , is a peeuliai chronic 
inflainniatoiy process, as shown 1)’^ tlie fc^ei, sweats moderate lencocyto- 
sis, seeondai} anemia, emaciation, tlie presence of endothelioid piiolifei- 
ation and numerous eosinophils, the changes in the blood-i essels and the 
gradual fibiosis This ne lielieie to be best emphasized by the term 
'^granuloma” But to differentiate this condition from the usual infec- 
tious gianiiloinata as syphilis, tubeiculosis, actinomycosis, etc , we would 
suggest the addition of some modifying ad^ectiYe, as ^‘ciyptogeneticiim ” 
The term ‘%ianulonia malignum” of Benda and Iliischfeld we object to 
on account of the implied qualities of malignancy and tumoi formation 

COXCLUSIOXS 

3 The belief of Fischei, Heed and Longcope in a clinical and patho- 
logical entity of the disease desciibed hi them is justified 

2 The piocess resembles a chionic iiiflammatoiy condition distinct 
from tuliei culosis oi syphilis 

3 That it uonld be ivisei to exclude Jiom the medical terminology of 
the futuie the name ITodgkiiTs disease as only serving to confuse and to 
create needless coiitioveisy 

4 That of all the proposed names foi the piocess the most suitable 
one noiild seem to be ^^lanuloma ciyptogeneticum ” 

Patliological Dopai tment, Tulaiie Unneisitj, Xew Oilcans — 50 Mackay Sticet 
^lonti eal 
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MW 'kOIiK 

Despite ilie f.ul tlinl ilie e\]>ennienl.il le^-ioii': in the labbits aoita 
occuning aftoi tlie adniini'-tiation of adienalin and otliei substances 
cannot be eont-ideiod analogous to aiteiiosfloio'jjs as seen m man, and 
do'^pile al«o a ica'-onablo donbi a= to wlietbci tlie^c legions aie leall} 
canned Iia sncli e\pei iinonlation oi aic sponlaneous in cliaiactei, then 
■'tiuh i‘5 of considciablc inipoitainc in conned ion Mitli tlie geneial piob- 
leni of the dcgenciatno and iopai.it no piocc-'«es in aiteiies In the hope 
of adding «:onie\\lint to oui Know lodge of the siibiect and aDo of clcaiing 
up if po‘-'!ible, some of the doubtful points. 1 have studied timing the 
jiast 3 oai the ie»uit'. of \anons foinis of cAjicninental injuiy n’lic meth- 
ods employed include the adinini^tiation of adienalin and dnect miui^ 
by ciudiiiig the aO'^oI oi .applying an iiiitant such n= sihei nitiate The 
suspension cxpeiinicnts of Elot/’ haac been lepeatcd and, following the 
sugge4ion ol an cditoiial wiitci- in the Join mil of ilic Amencan Medi- 
cal Association, bacod on icccnt incestigations of loco-weed disease, the 
piolouged ndininistiation ot baiinni b} the mouth has been caiiied on, 
w'lth the hope of thus explaining the spontaneous lesion'; In all these 
expel imeiits an ccpial nninbci ol .ininials have been u^ed as contiols and a 
caieful study has been made of all animals used in otliei expeiiincnts in 
oiclei to obtain infoimation conccining Die sjiontaneous occuiience of 
arteiial disease 

As the geneial status of expciimental aiteiial disease, inclncling an 
excellent sninmai}' of the litciatuie has iccently been pieseiited bj Adlei,'’ 
such null not heie be considcicd 

''Fiom the Pathological Lnboinloiy New Yoik Umveisitj and Bellevue 
Ilospital Medical College, aided by n giant fioin the Rocicefellei Institute o 
Medical Reseaich 

1 Klot?, 0 Albeits Ai tei joscleiose Expel micntclle Centialbl f allg Pa i 
u An.ai , 190S, \i\, 535 

2 Editoiial B.n nun, a Cause of Loco w'eed Disease Join Am Afed Assn, 
1908, li, 1338 

3 Adlei I Piesent St.itus of Expciimental Aiteiial Disease Am Join 
Med , Sc , 1908, cxxxvi, 241 
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The question of spontaneons lesioiib may natnially be considered 
hist The signihcance of spontaneous lesions m connection with those 
piodiiced e\peiiinentally was fiist seiionsly laised by Miles, who icporterl 
spontaneous lesions in neail} 36 per cent of piesninably noimal animals 
and who suggested that the lesion assumed to be due to adienalin might 
be truly spontaneous This view has been opposed by Millei,® who siim- 
niaiizes the seveial laige senes ol obseivations on nonnal animals with- 
out the discoveiy of spontaneous lesions, and by Peaice,® vlio found such 
lesions in but 6 pei cent of the animals examined It is of inteiest, in 
view of the possible influence of local conditions, that Miles^ 35 per cent 
lepiesents western labbits, while Peaice^s 6 pei cent is based on ISTew 
Yoik and Massachusetts labbits Fin therm oie, it is of inteiest that, 
while Peaice found lesions in but 6 pci cent of noimal animals, lesions 
occiiiied with gieatei fieqiienc} in animals which had been in the laboia- 
toiy foi long peiiods of time and had been used foi inoculation and othei 
general expeiimental woik This latter obseivation suggests that a 
vaiiety of influences mai opeiate to produce these lesions m the labbii 

SPONTANEOUS LESIONS 

The animals examined foi spontaneous lesions weie those used in the 
class work of the depaitments of physiology and pharmacology, and foi 
which I desiie heie to thank Piofessois Lusk and Wallace These weie 
piesumably noimal animals, used shoitly aftei then airival, m shoit- 
peiiod expeiiments In addition aic included animals used in the depait- 
nient of pathology in various expeiimental studies 

The senes compiiscs 210 labbits The aoita was examined fioni the 
aortic valve to the ihac bifurcation, and the iliac, caiotid and subclavian 
blanches fOlloued foi some distance Of these animals thiit3'’-one, oi 15 
pel cent, exhibited aitenal disease In only one was the lesion as diffuse 
as in the adrenalin lesion, and in this annual only weie lesions found 
below the diapliiagm This was a young labbit, weighing 940 gianis, in 
vliich the lesion appealed as a diffuse loughening of the thoiacic and 
uppei abdominal aorta Four showed changes in the descending poition 
of the thoiacic aoita and one a small pin-head-sized patch in the hist pait 
of the innominate aitery, in all othei s the lesions weie confined to the 
ascending and tiansveise poition of the arch of the aorta The usual 

4 IMiles, A B Spontaneous Aiteiial Degeneiation in Babbits Join Am 
Med Assn, 1907, xlix, 1173 

5 jMillei, J L Spontaneous Aiteiial Degeneiation m Babbits Join Am 
Med Assn, 1907, xlix 1/89 

6 Peaice, B 1\I Occuiience of Spontaneous Aiteiial Degeneiation in the 
Rabbit Join Am Sled Assn 1908 li, 105G 



lo-ion i oll‘^l‘.(o(l of (liifo 01 foiii ino^ulai (lcpio‘-‘«inii^ iimi I)p\oiul {]ic 
noiiie Miho 

Dnulotl JKioidintr ii> ( 1 k‘ puipo-o foi mIikIi (ho nimnaK mcic n^-cd. 
wo luno 11 T ialiln(^ utih/oii loi ( hi'^s woiK in pln^iolo"\ nnd pliaimapo]- 
oflN willi no ])io\ion‘' (loalinoiil and <S » foi cxpoiiinoni'' in ])atliolo£i^ 
'J’lio latloi o\))oi iinonl'- iiiolndcd inodilalion (d ‘?]iee}) ^ Idoocl Joi (lie 

a‘-^oi inann ((“'( and Minon^ iniodion*- in (onnof(ion wi(]i a of 

«/ 

oxpoiiinonial nopliiilis ()j (ho (oi tnoi, ‘•i\(ion oi Id ■> jioi fold and of 
(ho laftoi (iKooii 01 l.S 1)01 font, ‘siiowod ]o''ion‘- a ‘•oniowhai £ricatoi 
inoidoiKo in aniinaK Kopt Joi <'Oino tnnoninld iahondou fondilioii': ihan 
in (lio'-o ii'-i'd iniim dndolv ^Dii’' dilloioiuo i‘' (oo ‘^litrlil io be ‘•oiioii^-li 
(on^-idoiod bid N in Koojiin^ wdli JVaioo" j)io\if)n‘» ob'-oi^.dion concciii- 
inji (ho indnonoo o( o\poi inioidal and JaI)oia(oi\ conditions 

01 (lie abo\o labbds, (ifu woio l)ou"ld in Chioafro and aie ])iesinnabh 
lopicsoidaliNo oi i.ibbds ol (ho niiddlo wO'-( se\on(\-‘'i\ jiniolia^od fioin 
one Xow YoiK doaloi and lopiO'^iid animals laisod in Xew .7eise\ con- 
(oininir (ho pouuo oi (lie loniaiiulci no dohnitc infoiinaiion could be 
obtained Of the fiftc Chicajfo labbits si\ oi l/J jici cent (nc'^cntcd 
spontaneous lesions, of the soceniv^->\ oastcin, eight oi 70 5 pci cent 
As Xai as tliese sonic cs oJ piijipli aic oonceincd iheie tlicicfoie little 
diUeicncc in the oceuiicnco of bpontnneou« lesion^ 

These obsonntions howtwei, in connection with the aiailable statistics 
of othci iinestigatois, deinonstiate conchisneh that the spontaneous 
legions occiii not infiecjiicnth That the age of the animal is a factoi is 
doubtful foi fice of the tbii(\-one animals in this senes weighed less than 
000 giams, two weighing J 10 and 110 giams, lespcctneli Of these, the 
foimei piosentcd tlio inosl cxteiisnc lesion found in the sciics This is of 
inleicsl in mow ol the tact that J^ic and Bonnamoin ' as well as Peaicc 
and Stanton,'’ liaic called attention to the dilhcullx ol pioducing adicua- 
lin lesions in lonng (<5mall) labbits 

IIistologicallA the spontaneous legion cannot be distinoinslicd fiom 
that due to adieiialni Tlic most piomincnt featuics aic clianges in the 
elastica and calcilication The clastic tissue loses its uavj appeaiance 
and the individnal hhcis become inncli thickened Intel these become 
calcitied Not infieqnently a h'5i)ei23lasia of the iiitima is seen ^moie 
lieqnently indeed, than is tlie ease in the adienalm lesion This iiiai 

7 Pic, A, and Bonnamoin, S Contubution a I’Ctude du deteinnnisnie de 
l’ath6ionie aoitiqiie e-s-pCiimental Compt lend Soc de biol , 1905, mu, " 

8 Peaice, E M, and Stanton, E M Expeumental Aiteiioscleiosis Jo 

E\pei Med , 1906, viii, 74 
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possibly be due to tbe greater age of the spontaneous lesion Lesions of 
the type described by Ophuls® hare not been found. 

In eonection with the study of these spontaneous lesions I have inves- 
tigated the effect of barium administered by the mouth, thus adopting the 
suggestion of the editorial writer m the J oui nal of the American Medi- 
cal Association, previously mentioned ” This writer calls attention to 
Crawford^s study of the barium content of certain plants and the explana- 
tion of ^^oco-weed disease” as a poisoning by barium He then makes the 
suggestive observation, in view of the well-known effect of barium on the 
vascular system, that possibl}'' the greater frequency of spontaneous arte- 
rial degeneration observed by Miles (35 per cent ), as contrasted with 
Pearce’s 6 per cent (Hew York), might be due to the forage plants of 
Colorado containmg minute quantities of mmeral poisons and, among 
others, possibly barium As this theory appeared very plausible, espe- 
cially so in view of Miller’s experiments with barium, I have attempted to 
produce a chrome barium mtoxication by giving rabbits small doses of 
the chlond vnth their food Pour rabbits received barium chlorid by 
stomach-tube, daily, immediately after their feeding period. Three ani- 
mals died after varymg periods, but one received a total of eighty-six 
doses of half a milligram each during a period of fourteen weeks (Pebiu- 
ary 1 to May 7) without the development of arterial lesions. Though 
small in number for definite conclusions, such experiments indicate that 
barium mtoxication probably does not explain the spontaneous lesions 

The production of arterial lesions by single injections of adienalin 
has been rendered very doubtful by the recent observations concerning 
the frequency of spontaneous lesions Pearce and Baldauf,^® in 1906, 
reported such lesions m each of a series of six rabbits receivmg one-half 
to one and a half mmims of adrenalin Unfortunately no control experi- 
ments were made At Dr. Pearce’s suggestion I have repeated these 
experiments Two animals received, each, in divided doses, four minims 
of a 1 to 1,000 solution of adrenalin, and two were set aside as contiols 
One of the former died after ten, and one after forij’^-one da 3 ’-s Ho 
lesions were evident in either; the controls also showed no lesions It is 
evident that the previous positive results described by Pearce and Baldauf 
are in all probability’- to be explamed by the occurrence of spontaneous 

9 Opliuls, W Spontaneous Arteriosclerosis of the Aorta (Atheroma) m a 
Eabbit Jour Am Med Assn , 1907, xlnii, 326 

10 Pearce, R M , and Baldauf, L K A Note on the Production of Vascular 
Lesions in the Eabbit by Smgle Injections of Adrenalin Am Joui 'Med Sc 
1906, exxxii, 737 ’ 
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lesions J%crs.- «oi!>ingnitIi o large inimbci of animals, lias loached a 
conclusion 

In otliei iespccl‘-, unlookccl-for ic'^ults lla^e been obtained iiitli the 
use of adionahn TJuis, in one giou]) of foui animals •vai}ing in weight 
fioni 3 oOO to 2,000 ginnis and lecening, each, tuenij-nme injections, 
01 cr peiiods of iiftj-tiio to one Inindied and four da}s, the characteiistic 
ditiiisc lesions of the expoiiinental disease i\eie found in onl}' one In an 
equal number of controls no le-^ions iieie found As the total amount of 
adienalin admmisteied to thc«c animals laiied fiom 167 to 171 inmnns, 
one must agice nith othei iniC'tigators that constant results do not 
alua’^s folIo\^ the administration of this substance During the earh’^ 
periods of this Ircaimcnt the animals failed to show the distress so ehar- 
acteii«tic of the lnt^a^cnous injection of adienalin and a fresh suppl}^ uas 
used in the lattei half of the injection TJic use of an adrenalin altered 
b}’ age, or otheruise deteriorated, cannot, therefoie, be invoked as an 
explanation of the small pcicentage of positne results 

It IS e\ident from the pieceding discussion that the question of spon- 
taneous \cisu'5 Gxpciimcntal arteiial degeneration is not a simple one — 
indeed, is one bo'^et uith many dilllculties of interpretation, and, as Adler 
y iselj concludes, demands a suspension of judgment until further inves- 
tigation has cleaied up the doubtful points 


DinrcT ciir^ncAL and mechanical injury 

For the purpose of compai mg the lesions of the spontaneous and 
adienalin disease uith those of degeneration and repair following diiect 
injurj^, the vessels in two senes of animals weie mjuied by chemical and 
mechanical means, lespectiv^el} For chemical injury, a 3 per cent solu- 
tion of silvei nitrate, as cmplo}ed by Harvey’- for the study of bone 
foimation in aiteiies, was used Laparotomj' was done on three laige 
labbits and a silvmr solution was painted ovei a small portion of the 
abdominal aorta Tlie excess was leraov'^ed after one minute by means of 
a sponge wet with salt solution Of the tliiee animals, two survived and 
were killed aftei forty-six days In both the injured areas showed marked 
thickening of the adventitia Histologically, the intima and inner por 
tion of media were unaffected In the outer portion of the media veiy 
definite calcification was present, and about tins, involving especially t le 
adventitia, was a great amount of fibrous tliickening 

11 Meyers, M K Die Wirlcung von intrnvenosen 

pliysenevfrakt und Brenzkateclnn, some von cmiaahgen -.ao 

die Aorta von Kaninchen CentialM f allg Path u path Ana , ’ of 

12 Harvey, W H Bone Foiination in Babbit’s Aoita by Applies 
Irritant to Vessel Wall Join Med Kesearch, 1907, xvii, 25 
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In another senes the same portion of the aorta was crushed with an' 
artery clamp, the jaws of which were covered with thin luhher tubing to 
prevent tearing The pressure was applied for ten seconds On removing 
the clamp, interstitial hemorrhage in the vessel wall could be seen, but 
no external bleeding occurred Six large rabbits were so treated and 
killed after periods varying from fourteen to forty-seven days 

Macroscopically, the aorta appeared moie opaque at the point crushed, 
but there was no appreciable thickening and no thrombosis Microscopic- 
ally, an atrophy of the connective tissue and smooth muscle of the media 
was seen, with stretching, straightening and rupture of the elastic fibers 
and marked hj’pertrophy of the intima Despite the thickening of the 
intima, however, the vessel-wall was thinner at this point than elsewhere, 
owing to atrophy of the media Ho calcification was seen Although 
there is an mterestmg contrast between the results following the chemical 
and mechanical injury, the two lesions being of entirely different type, 
neither closely resemliles the common lesion of the spontaneous or the 
adrenalin disease, though the repair following mechanical injury is an 
exaggerated form of that type of adrenalin injury in which intimal pro- 
liferation (Pearce) is occasionally seen. 

For the purpose of still further studymg the infiuence of the mechani- 
cal factor without employing toxms or causing direct injury, the recently 
published experiments of Klotz^ were repeated 

Klotz describes the production of arterial lesions in rabbits as the 
result of suspendmg the animals daily by tlie hind legs for three min- 
utes This treatment was earned on for periods varying from ninety-two 
to one hundred and thirty days He had demonstrated previously, by 
manometric studies, that by this procedure the pressure in the carotid and 
subclavian vessels could be raised Thus he was reproducing a factor 
considered of prime importance in the etiology of human arteriosclerosis 
The five rabbits subjected to this procedure showed more or less marked 
changes in the aorta, and the carotid and subclavian arteries In the 
animal subjected to daily suspension for one hundred and thirty days 
there was found at autopsy a spmdle-shaped aneurism of the thoracic 
aorta extendmg from the sixth nb to the diaphragm, a thickening of the 
wall of the aorta as far down as the renal artery, and a marked thicken- 
ing of the carotid and subclavian arteries It is of interest that, while 
the lesions in the aorta were of the adrenalm type, with primary change 
m the media, the peripheral vessels showed a primary thickening of the 
intima As the arteries of the extremities by which the animals were 
suspended were free of lesion, it seemed justifiable to consider the 
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mechanical fnctoi icsponsible foi llie arterial diBcase, especially as the 
negative contiols appealed to iiile out spontaneous lesions, 

I lia\c pcifoiined this G.\periinent ivith tivo groups of animals The 
labbits cliosen uerc allTull-groun and in good condition In the first 
ovpciiinent six animals "were used, three subjected to suspension^ three 
kept os controls They ueie treated exactly as desciibed by Klotz for a 
period of one hundred and thiit} dais, after uliicli the animals were 
killed Caicful po'^t-moitem examination of the aorta and its bianches 
to the second oi -third division revealed no gioss changes Numerous 
sections xvere cut “from ■'diffcient levels of the aorta and its branches and 
examined micioscojiicall} vith negaliie icsults. Of the control animals, 
one shoved most diffuse lesions in the ascending aicli of the aorta 

I then decided to repeat the experiment, modifjing Klotz’s method b} 
gniiig 300 cubic centimeieis of vaier per stomach-tube, thirty to fortj- 
fiic minutes before suspension, in the hope of inci casing the vascular 
tension by tlie pi eduction of aitificial plethora In preliminaiy experi- 
ments it vas found that this -amount of watei is absorbed vithin thirtv 
to foitj-fne minutes -aftei ingestion, and, allowing for the regulatoiy 
mechanism of diuiesis, it seemed that at this peiiod ve would have the 
maximum temporaiy filling of the blood-^essels The period of suspen- 
sion vas increased also to five mmiiies Three animals were so treated 
dailj foi a peiiod of a hundied-days, but m no animal of the senes could 
lesions of the arteiies be denionstiatcd I haie no explanation to offer 
foi these lesults, vhich differ so gieatly fiom those obtained by Klotz 


STOIXIAllY 

The occiurence of spontaneous aiteiial disease in the rabbit is an 
impoitant factor in the experimental stud}' of vascular disease, and a 
factor the status of which must be definitely determined before the results 
of expel imentation along -this line can be definitely accepted In the 
course of this investigation 210 presumably normal animals were exam- 
ined and spontaneous lesions found in 15 per cent A slight but appar- 
ently negligible diffeience has been found in the incidence of these 
lesions in eastern and western rabbits and also in rabbits used immedi 
-ately-aftei -purcliase as -corapaied with those passing through a long 
-laboratory existence The lesions occui in young (small) rabbits almost 
as frequently as in old rabbits Histologically, the common type o 
spontaneous lesion cannot be distinguished from that due to adrena in 
Macroscopically, however, it diffeis from the diffuse lesion of adrena in 
by being usually limited to a few foci occuiiing at the origin o le 
aorta The peculiar spontaneous lesion described by Ophuls has not been 
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seen The prolonged administration of baimm by the mouth does not 
cause, as has been suggested, the appearance of spontaneous lesions 
These spontaneous lesions apparently explain the results previously 
ascribed to single injections of adrenalin, for a repetition of the “single 
injection^^ experiments have given negative results. Likewise, in some 
groups of experiments, the long-continued administration of adrenalin in 
fairly large doses has led to the production of the diffuse lesion, consid- 
ered characteristic of adrenalin, in a comparatively small percentage of 
animals 

1 I 

Direct chemical injury, as painting the vessel with silver nitiate, 
causes a fibrous thickening of the adventitia and outer portion of media 
with calcification of the latter Direct mechanical injury, as crushing by 
measured pressure with forceps, leads to atrophy of the media without 
calcification and to definite proliferation of the intima The latter type 
resembles somewhat certain late stages of the adrenalin lesion with inti- 
mal proliferation, but neither can be considered analogous to either the 
spontaneous or adrenalin lesions 

Attempts to produce vascular lesions through increasing the blood- 
pressure by mechanical means, as m the suspension experiments of Klotz, 
have given negative results , 

St Luke’s Hospital 



TIIEEE CASES OF ADE1S0N'’S DISEASE. ONE WITH 
ADEENAL TEANSPLANTATION 

F c ijuscn, ]\r d , and 'J’iiew WRicnr, :m d 

imi I AI O, N 1 

H has been oiu piiMlege, dm mg tlie pieseut 3 eai, to see and study 
uith ollieis thiee ca'^es of Addison's disea^^e Tuo veie undei obsei ra- 
tion at tlie Euflalo Gciieial Hospital, nndei the caie of Dis Car}'^ and 
Eochestei, lespectiveh Di Eochcstci'*; case \ias lefeiied to him by Dr 
Kavinok}' The Ihiid patient, a mulatto, mu'; undei the caie of Di Hiin- 
melsbach Tlie autop<;v tindings and blood-pictme in anothei ease of 
Di Hininielsbach uill also uith his pcimicsion, be included 

Vaiious points of ditTeience and inteiest occuiied in the s} inptoniatol- 
ogj and histoiy of these ca^c'^ One of them gaie a typical pictuic of 
Addisons disease The otliei tuo piesented featuies which would tend 
to confuse the obseiici and inciease the difficulty of diagnosis In one 
of tlie cases we made an adienal ti ansplantation All thiee cases teinii- 
nated fatall}', but the result of the ti ansplantation e\peiiment justifies a 
lepetition of this piocediiie 

The points of inteiest may be best bi ought out b} an epitome of the 
case histones followed by a biief anal) sis 

REPORT OF OASES 

Case 1 — Paitent — A lailroad switcliman, native of the United States, aged 
29, was admitted to the Buffalo Gcncial Hospital March 2, 1909, complaining of 
“yellow jaundice,” kidney tiouble, piles, scalp disease, soie throat The family 
history was without interest, no tuberculosis or cancer The patient has had 
three attacks of gonorrhea, the last foui ye.ars ago He had a chaiicie si\ years 
ago, does not recall having had mucous patches or skin eruption He was under 
treatment at Hot Springs for one month Wife has had two miscarriages, one at 
foul and one at five months No history of pulmonaiy trouble 

Present Illness — Chief complaint is that of wealeness which has been piogiess 
ing steadily during the last five months This has inci eased more maikedly dm 
ing the past four days Loss of appetite has not been maiked until within the 
past week Patient has always been of constipated habit but of late especially so, 
has had occasional vomiting spells ivliich he asciibes to a nasal cataiih Vomi - 
ing bears no relation to meals No cough Patient has no well defined pain bu 
complains of a dull ache low down acioss the back His wife states that she fiis 
noticed a change in his color about seven months ago Patient has diffiulty in 
keeping warm 


* From the Medical Depaitment, Univeisity of Buffalo 
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FxaimnaU07i—Tlns showed a fairly well-nourislied young man of medium 
heiglii, with black hair, dark gray eyes and a dark skin of yellowish brown hue, 
not in itself remarkable He had, however, a few freckle-like spots of a darker 
hue on the skin of his face and body, and numerous pigmented spots varying in 
diameter from 1 to 6 mm There were also present more diffuse patches of pig- 
ment on the inner surface of the lips The sclerotics were not pigmented and 
there was no evidence of jaundice Physical examination of both chest and abdo- 
men was negative, except that both heart sounds were weak Both anterior and 
posterior cervical lymph-nodes were enlarged Temperature on admission was 
slightly above normal, pulse 118, small in volume and of low tension, blood-pres- 
sure 90 The blood-pressure varied between 80 and 95, except on one occasion, 
when it leached 100, and just before death, when it fell to 50 On different occa- 
sions, in the order named, the Calmette, von Pirquet, and Moro reactions were 
tried The first and last were positive Ten days before death a positive Was- 
sermann reaction was obtained Blood examination showed the following hemo- 
globin, 90 per cent , erythrocytes, 4,200,000, leucocytes, 5,800 Differential count 
polymorphonuclears, 51 per cent , small lymphocytes, 33 per cent , large lympho- 
cytes, 12 per cent , eosinophils, 2 per cent , basophils, 2 per cent The urine 
showed evidence of chronic interstitial nephritis 

Course of Disease — The patient was admitted March 2 and died April 12 In 
view of the positive tuberculin reactions, tuberculin injections were administered, 
but without apparent benefit Desiccated suprarenal was then administered by 
mouth in 30 eg doses t i d , but also without apparent benefit, although the 
patient’s condition remained about stationary After the positive Wassermann 
reaction and in view of the fact that there was a history of lues, it was suggested 
that antiluetic treatment be employed, with caution This medication was admin- 
istered in the form of protoiodid of mercury 2 mg t i d , beginning April 5 On 
the 8th (three days later) there was a sharp rise of temperature from 99 to 
101 5 F , with salivation The specific treatment was stopped and the patient put 
to bed He grew very rapidly weaker and died on the morning of April 12, one 
week after the beginning of the antisyphilitic treatment 

Autopsy — ^The findings were, in hi lef , as follows Some old pleural adhesions 
Old pericardial adhesion Flabby heart with thin muscle, fatty infiltration, 
atheroma around the coronaries Lungs, nothing of interest (no tuberculosis) 
Liver somewhat cirrhotic Betroperitoneal glands all enlarged, and some of them 
caseous Mesenteric glands not enlarged Both adrenals (right more than the 
left) caseous, broken down, and the right one in part a pus sac Urinary 
bladder and bowels apparently normal Brain apparently normal Both kidneys 
capsule strips with some difficulty, cortex of normal thickness Tubercle bacilli 
demonstrated in smears from both adrenals 

Case 2—PaUent—A mulatto, aged 56, hotel general utility man, had been 
ailing for two years, growing weaker and thinner, lost 30 pounds in weight, dur- 
ing the last four months before we saw him he had been turning darker, so much 
so that the increased pigmentation had been remarked on by his friends 

Examination — ^When he was first seen, in consultation with Di Himmelsbaeh, 
the patient was in bed because of nausea, vomiting and occasional epigastric pain 
He was very nervous and was said at times to be demented He complained also 
of vague pains in the limbs The skin was uniformly dark, suggesting bronze, 
with areas of deeper pigmentation There were patches of pigmentation on the 
buccal mucous membranes especially along the median line of the hard palate On 
physical examination the chest and abdomen were negative The heart sounds 
were strong, with accentuation of the second aortic sound over that of the pul- 
monic The blood-pressure from May 1 to June 8 varied from 125 to 155 mm 
There was moderate thickening of the radial artery The urine examination gave 
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oudcncc of chronic intorsiifml nephritis Thcic ^ns no cdemn A posilne ion 

1 irqnet reaction mas obtained Two blood evammations were made, with the fol 
lowing findings 

June 2 Hemoglobin, no per cent , cijthroc^lcs, 5,230,000, loucoevtes, S,43S 
Hiircrcntial count Poh morphonuclears, 58 71 per cent , small lymphoci les 32 38 
per cent , large Ijnipboc.ilos, 4 8G pei cent , eosinophils, 4 05 per cent ' * 

Juno 13 Hemoglobin, 00 per cent , crjthrocj les, 4,050,000, leucocytes, 10,000 
HifTerontial count Pol^niorphonuclcais, 00 poi cent small hmpliocjtcs, 20 pei 
cent largo hmpbocjles 10 5 pei cent , eosinophils, 3 5 per cent 


Course of Disease — Tlie patient became maniacal the night of June 11, and 
was taken to the ButFalo Gencial Hospital the following morning On tins daj Ins 
blood-pressure fell to 05 mm , i ising again to 105 the follow-nig day. He died m 
coma, June 14 Uhe treatment was desiccated snpraional, and finally adrenalin 
administci cd In podermiealh 


Iptopsj/ — ^Botb adrenals were found to bo much enlarged On section they 
weie light brown in coloi and homogeneous in appearance eveept for caseous areas 
in each one 1 5 cm , the other 2 cm in diameter The mesenteric and retroperi- 
toneal iMiiph nodes More not notabh enlarged Other abdominal organs apparentlj' 
noiinal Kidnei capsules stripped with difiiculty and the cortex was thin Ana- 
tomieal diagnosis tubeiculosis of adrenals, chronic interstitial nephritis 


C’vsr 3 — Paiicrii — A Itussinn Jew, aged 35, a tailor, rvas sent to BulTalo Gen- 
eial Hospital by Hr Ka'v)nok>, on April 24 Family historj’’ has no bearing on 
the present illness llicrc is no history of tuberculosis or cancer The patient 
had measles, neicr had am other disease Three years ago, after a drink of 
wliislcv at a social gathering, he sufTered from retention of urine, necessitating 
catheteiiration At the same time it was noticed that the patient’s skin became 
slighth pigmented 2 his pigmentation disappeared after a few days No further 
trouble was cxpoiionced until ten weeks ago, when, at another social gathering, 
the patient diank two glasses of whislcy and one of beer He again suffered from 
letention of urine, and was relio\cd, bj catheter, of 1,000 cc of normal urine 
Since then his familv liaio noticed increasing pigmentation of the skin He feels 
weak and has no appetite ffheic is gastric disturbance after eating Bow'els 
move with help of Cailsbad salts He lias nausea, but no -vomiting, sleeps well, 
has no hcadaclic, but is dir/y Patient has no night sweats, coughs and spits, 
feels cold 

ExammaUon — Tcmpciaturc on admission to the hospital w’as 97 9 F , pulse 80, 
small and of low tension, but regular Blood-pi cssure, systolic 88, diastolic 63 
Tongue coated Picsent weight, 135, gicatcsi weight, 143 pounds Observation 
of patient show's a man somcwdiat above medium height, slender, but not emaciated, 
with a somewhat anxious cxpicssion, browTi eyes, dark browm hair and a dry dark 
skin He looks like a dark-skinned Arab or Syrian The skin of the wdiole body 
is thus uniformly darkened, w ith scattered blotches of somewhat deeper pigmenta- 
tion on the face, and very deep pigmentation of the scrotum, penis, nipple areolai, 
a-'allary and inguinal folds and w'aist and collar lines There are also patches of 
pigmentation on the huccal mucous membranes, lips, cheeks and palate There are 
likewise leucodeimie aieas in the skin of the hack and scrotum, forming a striking 
contrast to the dark skin adjoining Heait normal in size and shape, sounds 
feeble, pulmonic slightly accentuated over the aortic Lungs poor expansion at 
both apices, right especially anteiiorly, left especially posteriorly, no abnormality 
on auscultation Blood-examinations weie made on three occasions, as follows 

Apiil 20 Hemoglobin, 74 per cent , erythrocytes, 4,044,000, leucocytes, 8,600 
Differential count Polymorphonuclears, 66 3 per cent , small lymphocytes, 10 3 
per cent , large lymphocytes, 1 8 per cent , eosinophils, 6 8 per cent , basophils, 

1 2 pel cent , transitional, 4 3 per cent 
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May 7 Hemoglobin, Sa-90 pei cent, erythrocytes, 4 900,000, leucocytes, 
10 300 Differential count Polyinorphonuclears, 62 5 pei cent , small lympho- 
cytes, 17 per cent , large lymphocytes, 7 per cent , eosinophils, 13 pei cent , 
basophils 0 5 per cent 

jMay 16 Hemoglobin, 90 per cent , erythrocytes, 5,100,000, leucocytes, 12,850 
Differential count. Polymorphonuclears, 47 per cent , small lymphocytes, 20 per 
cent , large lymphocytes, 12 per cent , eosinophils, 19 per cent , basophils, 2 per 
cent 

Iso reaction ivas obtained from the Moro tuberculin ointment The von Pirquet 
and Calmette tests were not used 

Operation — ^The patient entered the hospital for the purpose of obseiiation, 
and "With his consent and desire, for a trial of adrenal transplantation It was 
desired, if possible, to use a human gland for this purpose, but no available case 
presenting itself, and the patient’s condition becoming alarming, it was decided 
to use the adrenal of one of the domestic animals This v as done on the afternoon 
of April 29, 1909 A female shoat, weighing 40 poimds, was killed by a blow on 
the head and immediately thereafter the left adrenal gland was removed per 
abdommal route About one-fifth of the gland was shaved off, with a sharp lazor, 
from each side, exposmg the medulla The ends were treated in the same way so 
that approximately two-thirds of the whole gland remained for transplantation 
and presented four raw surfaces for contact with the receiving organ It was orig- 
inally intended to use the kidney for this purpose, both because of its vascularity 
and because, in our animal experiments' we had made successful grafts into the 
kidney The patient was, however, in such a precarious condition that it seemed 
almost certain that the attendant hemorrhage and shock, if the kidney were used, 
would prove immediately fatal Therefore, the testicle, with much less favorable 
conditions for graft survival, was chosen instead This was exposed, under local 
anesthesia, through an inguinal incision, the testicle being drawn up into the 
wound An incision was made lAto the tunica albiginea Just enough of the 
testicle proper was excised to allow of snug accommodation of the graft. This 
was buried and covered by the tunics, winch were sutured together with 00 plain 
catgut 

Postopei ative History — At the first dressing, on the third day, the horse-hair 
skin sutures were removed There was absolutely no sign of inflammatory reac- 
tion In fact, the patient suffered practically no discomfort from the operation 
Temperature and pulse remained normal From the time that the patient entered 
the hospital much difficulty was experienced in getting him to take nourishment 
and in overcoming his extreme depression and discouragement He was given, 
for a few days only, desiccated suprarenal This was withdraivn because of ensu- 
ing nausea Adrenalin by hypodermic was also employed, but given up shortly 
after the operation, to be resumed two or three days before death For a time 
after the operation evident improvement in the patient’s condition occurred He 
became less despondent, ate better, felt somewhat stronger, and the vascular tonus 
increased During this time, also, it seemed that the pigmentation somewhat less- 
ened Two or three days before death, weakness became suddenly more pronounced, 
the blood-pressure slowly fell, and the pigmentation deepened Collapse occurred 
on the night of June 16 with a severe chill (as judged by the patient’s shivenno-) , 
followed by coma and death on June 17 The patient had lived two weeks a'nd 
one-haK after the adrenal transplantation His death was, at least, not hastened 
by the operation, and we think it may have been delayed 


1 Am Jour Physiol, 1906 xv, Ho 5 Busch, P C, Leonard, T M and 
Wright, T Further Besults m Suprerenal Transplantation Jour Am Med 
Assn , 1908, li, 640 
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Po<?/ mojtcm Eraminatxon of TianspUntcd Tt9iuc— Autopsy was refused but 
the organ containing the ginft Mas seemed On cross section of the testicle con- 
taining the graft, the lattei Mas seen to ho Moll iiiihcddcd in the testicular sub 
stance, difclinguish.ihlc from it In difTcrciice in color and consistency There Mas 
no macroscopic c\idcnce of inflammation At one end a number of neiv formed 
blood-\essols could he seen ladiating from the graft into the sin rounding testicle 
'Jhe coloi of the graft and its general appearance Merc much the same as at the 
time of imbedding On micioscopic examination the adherence of the graft was 
still better shoMii It mus, in pait, scpaiated from the testicle bj a band of new- 
foimcd connoctuc tissue, Mith tiabcculm penetiating the graft, and, in places, 
sepal atiiig it into I'^lnnds of adrenal ti^'^ue A few ccattcred groups of cells pre- 
sented the characteristics of adicnal medulla, in si/e, in arrangement and in stain 
ing piopertios IJio major jiortion of the medulla had apparent!} become necrotic 
A large part of the coitcx, hoMcicr, Ind sunned, as represented by columns of 
smaller cells, leadiU staining Mith hematoxxlm and cosin !Many noM-formed 
blood xessel':, containing normal (human) red blood corpuscles Merc found in the 
graft, entering it iiiainh In Max of the connect ne tissue trabcculm An inteiesting 
finding Mas the piesenco of numerous eosinophilic cells about the peripher} of the 
giaft and ospecialh in the necrotic tissue 

In MOM of the microscopic findings and the length of time (tMO and one half 
Mceks) after transplantation, mo are justified in considering that a part of the 
graft had sunned and mss living at the tunc of the death of the patient 

Paiitiat, PnPOiiT or AnnixiovAn Cxsr — 1 he blood picture and autopsy findings 
in Dr Tliminclsbnch’s other ease, referred to in the first part of this article, were 
as folloMS 

Blood — Hemoglobin, 100 per cent , crxthiocxtcs, 5,430,000, leucocytes, 12,000 
Diflforcntial count Poh morphonucloais, 55 pci cent , small and large lymplio- 
extes, 38 pci cent , eosinophils, 7 per cent 

Aitlopsij — Permission xxas obtained to open the abdomen only Abdominal 
organs xxerc normal except the kidne}s, xxliich xxorc both caseous, the left entirelv 
so and the right almost completely destroxed Tubercle bacilli xxeie demonstrated 
m smears from the adrenals and micioscopic examination of sections showed 
t}pical tubercles xxith giant cells 


COJIHIENTS ON THE PRECEDING OASES 

One of these cases presented the classic picture of Addison’s disease 
It could hardly have been mistaken for an3dhing else TJnfoitunately no 
autopsy M^as permitted, so that final pi oof xvas lackmg 

It IB evident from a careful analysis of these cases tliat no one symp- 
tom or sign or finding is pathognomonic In two of the cases, in which 
blood-piessure records were fiequentlj'’ made, the blood-piessuie was uni- 
formly low, both heart and vessels being inx'olved in the dimmished 
tonus In one of the low blood-pressure patients theie was also a chronic 
interstitial nephritis of moderate degiee In one case, that of the 
mulatto, the blood-pressure remained high until just before death In 
this case there was likewise a chronic interstitial nephritis of model ate 
severity, xvith some arterial thickening 
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In one case theie was a complicating history of syphilis and a positive 
Wassermann reaction Because of this^ antilnetic treatment was 
employed and undoubtedly hastened death The intolerance for mercury 
in this instance was striking We have since learned, in looking through 
the literature, that mercury is often poorly borne by these patients 

Three of the patients were pigmented in varying degree and showed 
pigmentation of the mucous membrane of the mouth In one, the 
mulatto, the pigmentation might easily have been mistaken for the 
natural color of the negro 

Two patients gave positive tuberculin reactions The third might also 
have given a positive reaction if more than one test had been used The 
diagnosis was sufficiently clear without it 

The blood-picture in all was strilangly similar There was no ane- 
mia The hemoglobin percentage and red counts were both high The 
fluidity of the blood was apparently diminished, which accounts, in part 
at least, for the high readings The differential count is especially inter- 
esting In all there was a decrease in the relative number of polymor- 
phonuclear forms and an increase in the small and large lymphocytes, 
particularly the former There was an increase in the number of eosino- 
philes from a moderate to a marked degiee In one case this was pro- 
gressive, as was also the lymphocytosis In this case, also, eosinophiles 
were found m numbers about the necrotic portion of the transplanted 
adrenal What the significance of the eosinophilia is we do not know, or 
whether it has any significance We are looking over our sections of 
transplanted adrenals m animals with this pomt in mind and are begin- 
ning an experimental study in animals 

On the therapeutic side there seems to have been little, if any, benefit 
from the use of adrenal, either of the whole gland by mouth or of its 
active piinciple by hypodeimic injection We still think that at piesent 
adrenal transplantation is the most promising method of therapy 

Our one transplantation in man was far from discouraging In the 
first place, we had to be content with an organ for the reception of the 
graft which we felt was not the most suitable In the second place, we 
were obliged to use the adrenal from another species of animal, instead 
of from another man as we had wished In spite of these facts, a large 
pait of the graft lived for two weeks and a half Not enough survived to 
save the patient Whether it might have become adapted to its new 
environment and functionated adequately had the patient been less far 
advanced in the disease, we cannot, of course, say 



•AG Tiuwn CASEfi OF \DDISOrS DL^lJAfEJ 

Several atlerapis at adieiial giafling ha^e been made, but none -witli 
as long surM\al of the patient and none vitli any demonstiable giaft 
siiiMval, so fai as ve knov, besides ours 

We aie at piesent caiefnlly studying tlie liteiatiiie of Addison’s dis- 
ease and expect, latei, in be able to gi\e a nioie detailed and aeiiriate 
anal) sis 

19 Ti\jng Place — 152 Allen Street 
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Although the vork on the various phases of metabolism in diabetes 
mellitus has become voluminous, theie aie but few records of the respira- 
tory metabolism and of the total energy requirement The statement 
commonly made in text-books and literature on the subject, that theie is 
piactically no change from the normal, is based almost entirely on the 
observations made in a severe case of diabetes by Pettenkofer and C 
VoiP in 1867 In the original aiticle no caloiic estimations were made 
and incoriect conclusions were drawn, which were subsequently corrected 
by C Voit- and E Voit® Graham Lusk,^ using unpublished figures 
obtained fiom Erwin Voit, gives the caloiic deteimmation of the same 
case as 34 calories per kilo Hone of these authors give the figures of the 
reckoning Ebstein,® in 1898, determined the twenty-four-hour caibon 
dioxid output in a case of severe diabetes, but did not go into the ques- 
tion of energy requirement In his article he says that Lehman will 
considei the details in a later publication, but we have failed to find any 
such article or to find any reference to it in literature Livierato® also 
made some tests in cases of diabetes, but his work has been considei ed so 
unsatisfactoiy that other investigators have refused to draw conclusions 
from it 


’ Fiom the Laboi atones of the II Medical Clinic, Kgl Chaiite, Berlin 

1 Pettenkofei and Voit Ueber den Stoffwechselverbrauch in der Zucker- 
haimuhr Ztschr f Biol , 1867, iii, 380 

2 Voit, C Physiologie des Stoffwechsels, 1881, p 328 

3 Voit, E Ueber den Stoffwechsel bei Diabetes Mellitus Ztschi f Biol , 
1892, XXIX, 129 

4 Lusk, Graham Ztschr f Biol , 1890, xxvii, 478 

5 Ebstein Beitiag zum xespiratorischen Gasivechsel bei der Zuckeikiank- 
heit Deutsch jMed Wchnschr , 1898, xxiv, 101 

6 Livierato, P E Schwankungen der von Diabetiker ausgeschiedenen Koh- 
lensauie Aich f exper Path u Phaimakol, 1889, xxv, 161 



3S TOT LL nXEltai nEQUlRinnJKT JN DIABETES MELLITUS 


Falia." ]n a leccni pvbhcaiwii, gives the lesults of three cases of 
diabetes obseivcd iogetlier lulli Benedict and Joslm in which an Atwatei- 
Benedict cliambci vns u=ed lie gives no details except a statement that 
two of the cases vveie severe, and that the metabolism was deteimined in 
a condition of linngci and with obseivations lasting six horns His 
figuies vaiy fiom 30 to 35 “Kal pio St as this viould mean about 785 
caloiies in tv\cnl 3 -fonr hours, v\c imagine he means "Hal pro Hilo” 
Obscnatioiis have been made v\itli the Zunt^-Geppert apparatus by many 
uoikeis Leo,'* Weintiaud and Laves,® Helming and Schmoll,^® Eobin 
and Binct,” Magniis-Lev} and otheis The Zimiz-Geppeit apparatus, 
houev'oi, onl} deteiniines the dnect exchange of ox'jgen and caibon 
dioxid foi short spaces of time — usually for ten oi fifteen mmutes in each 
oi several consecutive houis This gives much valuable information, 
pailiculailv in icgaid to the utilization of vaiious foodstuffs, but, on 
account of the short penod of investigation and the large chances of 
technical erioi, it is impossible to make icliable deductions as to caibon 
dioxid output foi twenty-four houis This can be seen by comparing the 
figuies of tlie vaiious inv'cstigators abov^e mentioned 

At the suggestion of Hen-Piivat-Bocent Dr Theodor Brugsch, to 
whom we wish to acknowledge oui deep indebtedness for his valuable help 
and advice, we undcitook a senes of thiee obseivations with the Petten- 
kofei-Yoit chambei, using the moie modem methods of chemical analysis 
of food, feces and uiine Our object wms to ascertain wdiethei or not 
cases of diabetes mellitus show a variation from tlie normal m the total 
energy lequiiemcnt and the twenty-four-hour caibon dioxid output The 
fiist observation was on a normal individual weighmg 701 Inlos as a 
control , the second on a patient weighing 70 4 kilos, with severe diabetes, 
acidosis and large sugar excretion, and the third on a patient weighmg 
68 kilos, with mild diabetes As all three w'ere of nearly the same weight 
and statuie, the questions of variation due to body surface and weight 
were minimized 


7 Falta Uober das Ecspn ationskalonmeter in Boston Wien khn 
Wchnsclir , 1909, wii, 5G6 

8 Leo, H Uebei den i espiratorisclien Stoffwecbsel beim Diabetes mellitus 

Ztscbr f khn Mod , 1891, ,m\, sup Heft, 101 

9 Weintraud, W, and Laves, E Ueber den respiratoriscben Stoffweclisei 

im Diabetes Mellitus Ztscbi f physiol Cliem , 1894, xi'^, 603 - 

10 Nehring, 0 , and Sclimoll, E Ueber den Einfluss der Kolileliydiate au 

den Gaswechsel des Diabetikers Ztsclir f khn Med , 1897, 59 ^ 

11 Robin and Bmet Exclianges respiratoires dans le diabete Aich gen 

mCd , 1898, x, 283 f 

12 Magnus-Levy Respirations vei suclie an liabetischen Mensclien Me 

khn Med , 1905, Ivi, 83 
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The Pettenkofei-Yoit chamber was the one used and described by 
Steyrer,^^ and the methods^ which were the same for all three caseSj fol- 
lowed his very closely Pirst the ehambei was tested by seveial normal 
candle burnings Then, before each subject was put into the chamber, 
his nitrogen excretion was determined for seveial days in order to be able 
to give sufficient piotein food to bring about an approximate nitrogen 
balance Enough fat and carbohydrate were added to cover the probable 
caloric needs and water was allowed ad libitum In each case the diet was 
practically the same as that which the sub 3 ect had been having foi the 
previous week On the morning of the observation, after several hours of 
fastmg, a meal was given and also a 0 3 gm carmine powder Then the 
subject was put in the chamber for twenty-two hours, all reckonings being 
corrected for a twenty-four-hour basis While the subject was in the 
chamber two more meals were given, the last one being at least- five houis 
before the end of the observation During practically the whole time the 
patient was in bed in a condition of Zimmeirulie, doing no kind of work 
except the movements of eating, reading and turning in bed Three 
hours after leaving the chamber a meal was given, together with a second 
carmine powder 

The food given was made up in double quantities and divided equally 
in two portions by weight, one being given to the subject of the investi- 
gation and the other being analyzed. The feces were collected from the 
appearance of and including the first carmine powder, up to the appear- 
ance of the second The specimen of mine was collected in the usual way 
during the twenty-four-hour period of the observation Eood and feces 
were dried over a water bath for six days and then for a short time in a 
drying oven at 60° TJie amount of nitrogen was obtamed by KjeldahPs 
method and protein calculated by multiplying by 6 25 and protein carbon 
by multiplying by 3 38 A weighed portion of each, food and feces, was 
extracted with ether (feces method of Biugscffi^) and the amount of fat 
obtained Carbohydrate determinations were made in most eases by boil- 
ing with 2 per cent hydrochloric acid and alcohol and titrating the sugar, 
in some cases by subtracting the protein carbon and the fat carbon from 
total carbon The carbon of the fat was obtained by elementary analysis 
and a portion of the food from which the fat had been extracted was 
burned, thus obtaimng the total carbon present Ash was obtained by 
Ejeldahrs method and the amount of carbon by elementary analysis 

13 Steyrer Ueber den Stoff und Energieumsatz bei Fieber, u s \v Ztscbi 
f exper Path n Tberap , 1907, iv, 720 

14 Brngscbi Pett bestimmnng in den Fazes BrugscF and Scbittenbelm, Lehr- 
buch khniscber Untersuclnings methoden, 1908, p 576 
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TOTAL LNUJiGY nLQmiWMm\^T IN DT I BLTES MELLITUS 

Sugar as deteimmed by KumagawaV'^ inodificalioii of Pavy’s method 
and acetone by tbe method of Huppeit-:Messingei.i» Control analyses 
A\ere made in all cases, in some instances by Dr E. B Leech of llanches- 
ter, England In detei mining the caloiic values the following geneially 
accepted factois of Pnbnei vcie used* 

Cni pergm Cal porgm 

4 1 Fat carhop 12 3 

4 1 Alcoljol 7 0 

0 3 

DET.VILS or CASLS 

Casp 1 — .June 3 4, 1009, D , plijsician, aged 27, vciglit 70 1 kilos, normal 
In the following tabulai matter, units aie grams, unless otherwise specified 


Pi otcin 

Carhohjdiato 

Fat 


Food 


Beefsteak 

Bice 

Butter 


Weight diicd 


120 0 Sugar 
100 0 Bread 
150 0 Milk 


30 0 
200 0 
1000 0 


559 3 


Protein SI 3 

Fat 199 8 

Carhohjdiato 2514 
Ash 10 1 


Anali Sis 
X 13 01 
C 207 3 


C in fat 113 0 

C in carhohj drato 
and protein 153 7 


Weight di led 


Pi otcin 
Fat 

Carbohj di ate 
Ash 


Fi ers 


Allah SIS 

79 

00 

4 01 

5 1 




1 27 
98 


23 01 


Urine 


Quantity 
Albumin 
Sugar 

CO 2 output foi twenty-four hours 
C output for twenty-four hours 


negative 

negative 


N 

C 


12 8 
10 50 


1000 cc 

C N 0 825 
783 8 gm 
213 77 gm 


15 Kumagawa Salkowski’s Festschiift, 1904, p 211 i TTntpr- 

10 Huppert Messingei Brugseh and Schittenhelm, Leluhuch klmischer 

suchungs methoden, 1908, p 510 
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Food 

Feces 

Absorbed 

til me 

Balance 

Catab- 

olized 

Protein 

Pi oteiii N 

810 3 
13 01 

79 

1 27 

73 4 
1174 

12 8 

—1 06 

80 0 
12 8 

Piotein C 

42 67 

416 

38 51 


—3 47 

41 98 
328 0 

73 10 

Protein calories 

Pat 

Fat 0 

199 8 
113 6 

60 

3 86 

193 8 
109 74 


+36 64 

Fat calories 

Carbohydrates 

Carbohydrate C (Disac ) 
Carbohydrate C (Polysac) 
Carbohydrate calories 

2514 
12 63 
98 4 

4 01 

178 

247 39 
12 63 
96 62 



899 1 
247 39 
109 25 

1063 77 


SrratjiAKY 


C of air 

213 77 

C of urine 

10 56 


224 33 

Less C of protein 

4198 


182 35 

Less C of carbohydrate 

109 25 

C of fat eatabolized 

73 10 

C of fat ingested 

109 74 


C of fat letained 36 64 

C of neg N balance 3 47 


Amount of C letained 33 17 

Calories 

Piotem 328 0 

Pat 899 1 

Caibohydiate 1063 77 


Total 2294 87 

Calories pei kilo of body weight 32 7 

Case 2 — June 10-11, 1909 S G, dental student, aged 23, weight 70 4 kilos, 
with severe diabetes Two years ago it was found that the patient had diabetes 
mellitus with 2 5 per cent of sugar but no acidosis, the sugar disappearing from 
the urine on the withdrawal of carbohydrates from the diet About six months 
before oui observation he underwent two minor operations under chloroform 
anesthesia Polloxsing the operation acetone and diacetic acid appeared in the 
urine, and the acidosis has been a constant factor since The patient has been in 
the hospital for general treatment for about three weeks On ordinary diet sugar 
amounts to 2 to 5 per cent, acetone tiace On a carbohydrate free diet sugar is 
piesent Acetone and diacetic acid aie present in small amounts, dealing up 
temper aiily after a few oatmeal days Hypeiglycemia, 0 3 per cent Heart and 
lungs normal General condition of patient’s nutrition and musculature good 
Xo obesity 

Food 


Chopped steak 

150 0 Thin oatmeal gruel 

385 0 

Ham 

49 0 Bread 

66 0 

Sausage 

25 8 Soup (veg ) 

440 0 

Bacon 

12 5 Cognac 

40 0 

Butter 

41 6 Coffee and tea 

3 c 
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TOTAL UKEnc,} EnQwitLvnyT IX Di \nnTns MIJLLITUS 




Analj Sis 



Protein 

OS 21 




Fat 

103 4 

K 10 02 



Carbohydrate 

55 53 




Ash 

1S7 

C 142 45 

C in fat 

71 02 




C in cognac 

C of carbohjdratc 

7 33 




and protein 

CO 5 



I'T Cl s 



Weight (liiod 


Allah Sis 


37 50 

Protein 


11 GO 



Fat 


14 8 



Carbolndrate 


7 G4 (b\ subti action) N 

187 

Ash 


3 43 

c- 

21 20 



Uitixr 



QuantiU 


nisocc X 

1721 


Albumin 


negatne ( 

GO 13 C X 4 


Sp gr 


1035 Sugai 

4% 

= 145 

Beta-ox^bulM 

ic acid 

'liace’* Aielone and diacttic acid. 

0 0375 


Am 


CO. output foi tuent} four 

hours 



748 8 gm 

C output for tucnti foui 

lioins 



20 1 2 gm 






Catnb 


Food 

Feces 

Absorbed 

"Drlnc 

Balance ollred 

Piotcin 

GS25 

11 G9 

5G 5G 


—51 91 107 75 

Protein X 

10 02 

1 87 

0 05 

17 24 

8 10 17 24 

Pi otciii C 

55 82 

oil 

20 00 


58 54 

Protein calories 





411 77 

Fat 

103 4 

14 S 

88 04 


— 123 20 ISC 16 

Fat C 

74 02 

11 75 

02 87 


2280 70 

Carbohj drates 

55 53 

7 04 

47 SO 

145 0 

—07 11 




jMonosac 


Carbohjdiatc C (Poljsac ) 

21 G8 

3 38 

21 30 

58 0 

—30 70 

Carbohydrate calorics 





— 308 15 

Alcohol 

14 00 




14 00 

Alcohol C 

7 33 


7 33 


7 33 

Alcohol calorics 





08 42 


SO'MMARy 

In icckomng the metabolism in tins case the altered relations due 
to the excessive excietion of sugai must he taken into consideration The amoun 
of caibohydrate ingested was moie than balanced by the amount excieted ^ 
therefore not taken into the leckoning, since it was not available for eneigv M e 
find that 21 30 gm of carbon w'eic ingested in the form of caibohydiates, while 
58 0 weie excreted, making the carbon of the negative caibohydrate balance 


17 Seveial detei minations of the beta oxybiityiic acid verc made nith results 
shoving a technical ciioi The amount in each case was veiy small, and we 
decided the error would be less in ignoring its presence than in using a mean o 
the determinations The amount was so little that it vould make but slight an 
unimpoitant changes in the final lesults 
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36 70 This amount of carbon m the sugar must have been made up fiom the 
protein, and hence must be added to the eaibon in the air, and the carbon of the 
non-carbohydrate part of the urine, in older to 'obtain the total amount of caibon 
in the metabolism of the protein, alcohol and fat 


C of non-carbohydrate part of mine 
C of sugar derived from protein 
C of air 


11 13 
36 70 
204 2 


Total C output 

252 03 

Less C of total protein 

58 54 


193 49 

Less C of alcohol 

7 33 

Total amount of fat C catabolized 

186 16 

C of fat ingested 

62 87 

C fiom body fat 

123 29 


Calories 

Protein 

441 77 

Alcohol 

98 42 

Fat 

2289 76 


2829 95 

Carbohydrate 

00 


From this must be deducted the heat loss of the sugar built up, as we have 
added above the caibon of sugai derived from body protein 

2829 95 
376 17 


Total caloiies 2453 78 

Calories per kilo of body weight 34 8 

It Will be noted that the diabetic patient excreted 4 4 gm more nitro- 
gen than the normal individual Eubner^® states that 28 5 per cent of 
this excess equaling 0 5 calory per kdo is not utilized and hence should 
be subtracted from the total, leaving the figure of 34.3 

Case 3 — July 3-4, 1909 Max M , government official, aged 39, weight 68 
kilos, with mild diabetes For several years patient has had a mild diabetes 
designated by his physician as “kidney diabetes” We personally had no oppor- 
tunity to make protracted observations, but it is said there is always a small 
amount of sugar present in the urine varying from 0 5 to 1 5%, regardless of diet 
We regret not having been able to go more deeply into the pathogenesis and clin- 
ical aspects The urine averages about 2 liters daily, and patient, with but sliglit 
carbohydrate restriction, showed 0 52 per cent of sugar before the observation, 
on the only control sugar test made by ns The patient’s general health, condi- 
tion of nutrition and dei elopment wei e good and he was able to do his work with- 
out the slightest difficulty He was not a patient in the Charite, but underwent 
the observation as a matter of courtesy to Dr Brugsch 


IS Eiibner Gesetze des Energiei erbrauchs 1902 



TO’i [L nxL'Rd] jn:QTjnn:Mi:yT ix nnnnTiJs vniLiTui^ 


I\Ioa( 

:\hik- 

(■oiiii)oto 

I’lotein 

kill 

Caibolndialt"'' 


(hiod 


1 1 1 25 
105 2 
100 20 


Food 

250 0 111 cad 
(»50 0 BuUoi 
'100 0 Coffee 
100 0 

-\iinh SI-- 

X 17 0 
C 235 40 


Fl C! s 

\nnh‘'i‘; 


C m fat 80 13 

C MI pi olein and 

caiholndiate 117 30 


Piotciii 0 775 

Fat (i 585 

( .iil)oli\dialc'f 8 8 


Qnantil\ 

Allniniin 


1 HIM 


( in fat 5 185 

C in pi olein and 

cailiolndialc 8 485 

1810 cc 


negalnc 


Acetone 

negatne 

t 8 72 

c* 

o 

r 


Beta o\i Inilv i k 

1 

aeid neg 

atne 

Air 

Sng 11 

0 4% = 7 

70 

CO- oiilpnl foi 

Iweiiti foiii 

bom s 


778 41 gin 

C output foi 

tMCllll foiii 

boms 


212 3 gill 

Catab 


Pood 

!>( es 

Absoi 1)0(1 

Uilnc Balance 

0ll/0(l 

Pi otciii 

111 25 

0 875 

101 375 


52 02 

Pi olein X 

17 8 

1 5S 

10 22 

8 42 +7 8 

8 42 

Pi olein C 

Pi olein ealoi les 

58 38 

5 08 

53 30 


27 30 
215 75 

Fat 

105 2 

(. 585 

OS 015 

—27 130 

108 08 
1320 48 

l^at C 

Fat cal 01 les 

80 13 

5 185 

soon 


Caibobydiate 

100 25 

8 8 

181 45 

7 70 

173 GO 

Caibolndiale C 
Caibolndiatc caloiics 

88 08 

34 

85 58 

3 7 

82 48 
712 13 


SbJl'irAKV 

C of non cailioli^diatc pail of mine 
C of an 


Less C of pi olein 

Less C of available caibolndiale 

C cataboh/ed fiom fat 
C of fat ingested 


3G2 
212 3 

217 02 
27 30 

100 50 
82 48 

108 08 
80 945 


C of fat fioni body 


27 135 
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Caloiies 

Piotein caloiies 

215 75 

Fat 

1329 48 

Caibohydiate 

712 13 


2257 36 


Caloiies pel kilo of body weight 317 



Summary of the Three Cases 




n eight 

Total COa Caloiies 

C per 
Kilo 

CO 2 c c 
pel kilo 
pel mm 

Noimal 

70 1 

783 8 2295 

32 7 

3 05 

Seveie diabetes 

70 4 

748 8 2453 

34 3 

3 75 

Mild diabetes 

68 0 

778 4 2258 

31 7 

4 04 


” Using factoi COoL 

=0 5091 

CO 2 gni 


Compaiing a number of eases by different obseivers of noimal indi- 
viduals of similai weight and under similar conditions, as given by 
MagnuS'Levy/” it is seen that all three of our cases are close to the 
figuies foi normal individuals 


>OK>[AT IKDIMDUALS AT REST 


IVeight 

Caloiies 

C Pei Kilo 

Obseivei 

64 8 

1018 

29 6 

Siven 

65 0 

2136 

32 0 

Atwatei 

70 0 

2279 

32 5 

Atv atei 

70 0 

2278 

32 5 

Ativatei 

73 6 

2101 

28 9 

Clopat 

72 7 

2269 

312 

Senden iL T 

73 3 

2108 

30 0 

Ranke 

Aveiage 



31 1 


In neithei the seveie nor the mild case is theie sufficient variation 
fioni the noimal to wan ant any statement of a deci eased 01 increased 
eiiPigy lequiiement 


COMPARISON OF FIGORES OF lARIOUS OBSERVERS ON DIABETES 



Weight 

Total COo 

Cal Pei Kilo 

P and V (seveie) 

54 0 

621 0 

ca 34 ^ 

Ebstein (severe) 

62 5 

687 8 

ca 36 t 

Du B and V (seveie) 

70 4 

778 4 

34 5 

Du B and V (mild) 

68 0 

778 4 

31 7 


^ Fignies as given by Graham Lnsk — ^no oiiginal leckoning 
tFiguies as given by Magnns-Lei'j — ^110 original reckoning 

In the case of Pettenkofei and Yoit^ vse have selected the observation 
m vhich the food and conditions seem nearest to those of oui case The 
origin a 1 im estigations extended over a long xienod of time in which there 


19 IMagnusLeiw In Von Xooiden’s Handbneh dei Pathologic des Stoffvech- 
sels 190G, 1 , 291 



4G TOTAL JOKE If GY REQUIIUmEm' JK DIABETES MELLITUS 

^W1S a ]o^s 311 MeigJil, and 50 a shqhi difreience lull be found heh\eon 
our iiguies and some others publislied, such as iJIagnus-Lei’^’^’s, in winch 
a mean o£ fne obseivations i\as taken The diffcient caloiic estimations 
of difieient •luthms foi PetlenkoJei and Voits Moik laiies between 33 
and 30 m the same (n'^o Ebstein gnes no oiiginal figmes foi the 
caloiic-- it will be noted that all tliiee of the seieie cases are at the 
extieine nppci limit of iihat i': coii'^idoicd the noiinnl metabolism 

TJie onh metliod b} a Inch ^\c can make a compaiison luth the Zuntz- 
Geppeit appaiatim is b) compaiing the CO„ output in cubic ccntimeteis 
pel kilo pel minute 

Oui iign)o=; aiD ns follows 


Xoi nial 

3 91 

So\ci(* diabetoh 

3 75 

Mild diabetes 

4 04 


The a^eiagc of twche othei cases of diabetes cited by Von Nooiden-” 
IS 3 93, A^hich IS nitliin the limits foi a noimal individual 

CONCLUSIONS 

The total eneigy lequiiemcnt of cases of diabetes does not laiy fiom 
the noimal Jn addition to the 31-35 caloiies lequned foi the noimal 
individual at lest, the diabetic should be giien enough e\tia calories to 
covei the lo^s of sugai 111 the uiine If this is not done theie is a bieak- 
ing dovn of the bod}’’ piotein and fat 

Presbjtcnan Hospital, Neu Yoik— 2033 Locust Street, Pliiladelplna 

20 Von Nooulon Di.il)ele« Mollitiis Handbucli dei Pathologic des Stoffwecli- 
sols, 1907, 11 , 40 



SYPHILIS OP THE THYKOIL * 

BENJAMIN F DAVIS, M D 

CHICAGO 

Gummata of the thyroid gland are so seldom discovered that it seems 
3 iistifiable to review the literature on the subject while making this 
report I shall, therefore, recapitulate as much of the data bearing on 
such lesions as it has been possible to gather, before proceeding to the 
discussion of the case in hand 

PREVIOUSLT REPOKTED CASES 

Demme’- (1819) reports three cases of syphilis of the thyroid in 
children in which gummatous nodules appeared in the thyroid glands 
concomitantly with syphilitic lesions of the viscera He says that these 
gummata appear as grayish-red or grayish-yellow nodules, sharply 
rounded and, like malignant or tuberculous growths of these organs, 
destroy the parenchyma The microscopic findmgs agree with those of 
gummata of the liver In another place’- he says 

In the course of congenital, hereditary syphilis, we find a few cases, and in my 
experience only in children, in which, accompanying syphilitic lesions of the vis 
ceia, we find gummatous nodules in the thyroids They are «liarply circum- 
scribed, and present the same microscopic appearance as gummata of the liver 

Wagner- says that he has seen gummata of the thyroid, but gives no 
details Biich-Hirschfeld^ quotes Demme, saying that gummata mat^ he 
found in the thyioids of the new-born and that he Imows of a case in 
which gummata also occurred in the thymus, lung, liver and pancreas, 
Orth^ also quotes Demme to the effect that gummata occur in the thyroid 
but rarely Zieglei^ says ^'Gummata of the thyroid are very rarely met 

* From the Pathological Laboratory of the University of Chicago 

1 Demme Kraukheiten der Sclulddrusen, Bern, 1879, Gerhardt’s Handbuch 
der Kinderkrankheiten, iii, part 2, p 413, quoted from Clarke (Lancet, 1897, ii, 
389), Mendel (Med Kim, 1906, ii, 833), and Fraenkel (Deutsch med Wchnschr , 
1887, xiu, 1035) 

2 Wagnei Arch d Heilk , iv quoted from Fraenkel (Deutsch med 
Wchnschr , 1887, iii, 1035) 

3 Birch-Hirschfeld Lehrbucli der pathologischen Anatomie, Leipsic, 1882, i, 

281 

4 Orth Lehrbucli der speciellen pathologischen Anatomie, Berlin 1887 i, 578 

5 Ziegler Text-book of Special Pathological Anatomy (transl by Maca'lister 
and Cattell fiom the Sth German edition), p 880 



.VI rill LIS or Till] THY ROW 


JS 

Mitli KfiMafil” (3SS2) «(atc<3 that lie lias seen a gumma of tlie tl^ioid 
at^ laige as (he fi*?!. liuf lu^^tological coiifumation of this diagnosis i': not 
gnen 

Fi.icnkol' (^SSI) icpoif^ the ca^^e of a uoman 41 leais of age iiho 
liacl «i])hi]i(ic ulcei‘. and gimimata of llic liaclipa and bionclip imoliing 
ncighbonng hnijih-gland*: Slie died of the atlcction, uliich, post° 
nioitenn ua« found to he uideh di‘-‘:eniinatcd, multiple gummata appeal- 
ing in tlie Inei, one in the iiglit kidnc}, and ‘siphditie thickenings of the 
fiontal hone and tlie tibia 'Die tlnroids ucie not enlaiged. but at tlie 
jioint uheie the isthmus joined the iiglit lobe va'^ a lathei haid, lellou- 
isli-giai nia‘-‘5 uhicli ua*- not .shaijih niaiKed oil fiom the neighboring 
jiaionclnnia and ua'! tiimh attached to the iiachea ]l uas 2 5 cm lude, 
2 cm Jong and 1 cm thick ]T]«tologiealh Jie found no giant celh but 
mam lound cell'j 'fhe jnoliferating tissue confined itself to the intei- 
folliciilai legioii'? and atlected the jiaicncliMiia onh hi jnesmie He 
found hut little CMdencc of nccio^'i" in tins nias« — fatti degeiieiation, 
casention, ■\ani‘?hing oi nuclei, etc — Mieli as one fiiuH in eieii the sinall- 
e‘?t tulieicle 1 he giouth uas not cllalJ>l^ maikcd oil tiom tlie suiiound- 
ing tifcsue, thus dilleiing, as Piaenkel icmaiks. fiom tubeicle and fioiii 
the cases of siphilitie tlnioids desciibed be Demme He demonstiated 
the Lustgaitcn bacillus in sections of the gumma (which makes one 
suspect tubeieulosiQ) he thought these chaiacteiistic of sjphilis 

Kohloi'* (1802) lepoils a case of a woman. 48 leais of age, who had 
sufleied in liei Aouth lioiii swelling of the glands of the neck but had 
nevei been leall} sick At the time of examination she was maiiied and 
the inothei of two health} childien She had a typical myxomatous 
swelling of the face, neck and hands Mdic tiigonum colli mediale fiom 
the th}ioid caitilage to the supeiioi boidei of the manubiium was filled 
with a liaid nodulai tumoi-like mass, which seemed niici oscoincall} to 
be of a fibious natuie The th}ioKls weie not palpable Theie weie no 
othei s}mptoms suggestive of siphilis Hei husband had had an abscess 
in the gioin some time picMous lodid tieatment cleaied up all sjmip- 
toms lapidly, the tumoi vanished, the myxedema disappeaied, the thy- 
loids again became palpable The diagnosis was made of gumma of the 
thyioid gland 

Pospelow'’ (1894) cleseiibes a case of micxedema occiiiiing with dia- 
betes insipidus, wdiieh was cuied by antisyphilitic tieatment, and con- 

G Xaviatil Chii Beiti , Stwttg.sit 1882, pp 2122 (Quoted fiom 'Wolflei 

Aich f klm Clni , 1883, x\i\, 827) 

7 Fiaenkel Deutsdi med Wcknscln , 1887, 's.iii 1035 

8 Kohler Beil khn Wclinschi , 1802, ■s.'s.iv, 743 

9 Pospelow Monatsli f piakt Deiniat, 1894, xix, 125 
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sideis that m this case a S 3 ^philitic sclerosis of the th 3 ^ioids was the cause 
of the cachexia The patient had shown the characteristic primary and 
secondary lesions, and when the myxedema appeared had a gumma of the 
testicle and a gummatous swelling on the uppei third of the left side of 
the lai 3 mx The th 3 roids weie also slightly enlaiged and haidened 

Clarke^” (1897) lepoits the case of a maiiied woman, 38 years of 
age, who was seen Dec 38, 1896 About four years pieviously slie had 
been treated foi a gumma of the light aim which subsided undei potas- 
sium lodid She ceased taking medicine and soon three gummata 
appealed on the left side of the face and were similaily cuied About 
Marcli, 1896, a gumma appeared at the front of the neck, and again 
potassium lodid was given, in Septembei, 1896, the swelling began to 
ulcerate and she treated it by poulticing She had been married thirteen, 
yeais and had nevei been piegnant No histoiy of syphilis, aside fiom 
the gummata for which she had been tieated, was obtainable either from 
heiself or fiom her husband A fortnight before admission to the hos- 
pital she noticed a difficulty in swallowing and could take no solids, hei 
voice became a husky whisper, and bieathing became difficult She had 
occasional seveie paioxysms of d 3 'spnea, causing great distiess In the 
mid-lme of the neck aiiteiioily was a hard cylindrical swelling, extend- 
ing fiom the hyoid bone to the top of the sternum, so that the thyroid 
and cricoid cartilages could not be felt The swelling rose and fell with 
deglutition The uppei part was ulcerated — a typical gummatous ulcei 
Bieathing became so difficult that on January 1 laiimgo-tracheotpmy 
Mas perfoimed and a tube inseited The lelief was immediate The 
gumma lapidly dwindled and sloughed ofE under potassium lodifi Micro- 
scopical examination shoived a typical gumma, but no th 3 a'oid tissue 
It was concluded that the wdiole thyroid had not been destroyed, because 
no myxedema appeared by June, 1897 A laiyngoscopic examination 
made tw^o days after the operation sho’wed the following epiglottis, right 
side of larynx, and light vocal coid, reel but otherwise natural , left side 
of lai 3 mx so edematous that it projected as far as the middle line The 
left vocal cord could not be seen No ulcei ation was visible The edema 
of the lar 3 mx subsided so that the tracheotomy tube was removed on 
Januaiy 7 Examination at that tune showed that the left vocal coid 
had been almost destioyed, it being represented by a small nodule of 
tissue 

The next examples of gummata of the thyroid w^ere reported by 
MendeT^ (1906) In a preliminary discussion he suggests that some 

10 Clarke Lancet London, 1897 n, 389 

11 ^Mendel Med Klin , Beilin, 1906, ii, 833 
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caries of supposed f-^phihs oi the Ih-^roid may simpl} be examples of 
“tlnioiditis lodica In suppoit of this contention he quotes Seifert to 
the elleet that in llie secondar}’’ stage of syphilis tlie thyroids frequently 
undergo enlargement, but seldom to such an extent that the} can be 
dc'^ciibocl as tiue cases of ''tiuma sj'philitica This cnlaigement occuis 
mostly in uomen, and on!} during the coui=e of the nntisyphihiie treat- 
ment, disappeaiing entiiel}' in the couibe of a few 3 cans, appaientl} not 
being influenced in this piocess by the specific tioatment These Seifeit 
consideis to be cases of th 3 ioiditis lodica Mendel also gi\es a case of 
his oun in uliich a giil, 16 3 '’oai 3 of age, in uhom symptoms ueie rap- 
idl} di=ap])eaiing under mcicunx deielopcrl lucicuiial poisoning so that 
polas«ium lodid had to be substituted in tlie tieatment The th}TOids 
inmiediatcl} became swollen and haul, painful on pressuie and sw allow - 
lutr Ills diagnosis was ih}ioidiiis lodica He would class under the 
same heading the case of Weimann,^- in which the swelling of the ihy- 
loids inciensed undei lodin but decieascd undei ineicui}' 

This class of cases becomes of contiiderable interest in new of the 
lepoiis of a numbci of aiithois who aie inclined to atliibute such changes 
to siphilis pcj sc, appaientl} neioi having consideied the possibilit} of 
the tinioiditis lodica of Seifeit 

E Lang,^^ in 1851, noted that definite circumsciibed nodules may 
occasionallv be found m the th 3 ’roids in eaily syphilis 

Lanceieaux,^^ in his tieatise on s}philis (1868), refers to a similar 
condition as follows* 

A change in tins gland is mentioned in se^clal of the cases wdiicli form part 
of tins woik A icn manifest, and foi the most pait geneinlircd inciease of 
volume, a consistence moie 01 less firm with jellowish color in places, such has 
been the aspect undei w'hich this organ has most fiequenily presented itself to the 
naked c^c Hie micioscopical examination has revealed to us an inciease in the 
numhtr of glandulai elements, together with a more or less complete fatty meta 
moiphosis We do not know of anj case wdneh gives evidence of a gummy deposit 
in the substance of this gland, but this is peihaps a consequence of the negligence 
witli wdiich post-mortem examinations aie still too frequently made The th 3 uoi 
body IS none the less fi equentlj* enlarged in wminen alTecled w’lth syphilis of long 
standing 

Julien^® remarks 

The body of the thyroid generally escapes (syphilitic) affection, but it has 
been asserted on good authority that it once in a while piesents a temporary 
sw'elling 


12 Wermann Beil klm Wchnschi , 1900, xxxvii, 122 ko 

13 Bang, E Jahresb d Gesellsch f Natui u Heilk in Dresden, " 

(Quoted from Ziemssen Handbuch der specielle Pathologic und Therapie, rar 

14 ’ Laiiceieaux TraitC histoiique et pratique de la syphilis, 1868, 1 , 377 
15 Julien Traite pratique des maladies vCnbriennes, 1899, p 642 
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Mauriac^® says 

I have stated frequently that tumefaction of the thyioid gland is common in 
early syphilis In one case which I have seen, theie formed a veritable syphilitic 
goiter which lasted many weeks and became voluminous enough to cause compies- 
sion of the trachea and the larynx, producing difficulty of respiration and hoaise- 
ness 

Engel-Eeimers^'^ leports a series of obseivations on 250 cases of 
syphilis Of the 153 female patients, 86 had enlarged thyroids, while of 
the 98 male patients 44 had enlarged thyroids The enlargement was 
confined to the lateral lohes, the isthmus not being involved. It was 
always a soft, painless swelling, which did not trouble the patients in the 
least, and in most cases would nevei have been observed exceptmg for 
the fact that it was searched for “The swelling appears in the secondaiy 
incubation period or concomitantly with the first constitutional symp- 
toms It does not appear to be influenced by antisyphilitic treatment, 
but, like the swelling of the lymph-glands, disappears gradually in the 
couise of a year or two ^ Engel-Eeimeis does not state the plan of 
tieatment followed and apparently does not consider that the drugs 
administered could have been responsible in any way for the thyroid 
enlargements He decides, however, that the habitual excitement of 
prostitutes cannot account foi all the cases, although he thinks that such 
persistent overstimulation may cause such swellings to persist when they 
have once formed He quotes Lancereaux to the effect that the body of 
the thyroid is frequently voluminous in women who are afflicted with 
syphihs of long standmg 

Moritz Furst^® leports the case of a child born with a goiter of con- 
siderable size, which he thought was undoubtedly due to syphilis The 
father had suffered from this disease, and the mother underwent a course 
of mercurial treatment during her pregnancy, as she had already given 
birth to a still-born syphilitic child Each lobe of the goiter was as large 
as a walnut The swellmg almost entirely disappeared spontaneously 
within SIX weeks of birth Ho treatment was adopted 

The latest report which I have seen of swellmg of the th 3 rroids m 
early syphilis is that of Lockwood, who discusses a series of five cases 
All of these patients were young women from 16 to 33 years of age 
They had some enlargement of the thyroid simultaneously with the 
lymphatic enlargement, skin and mucous lesions of secondary syphilis 
In one case the th 3 noid was said to be quite soft and umformly enlarged 

16 IMaunac Syplulis primitive et sypbilis secondaixe, 1890, p 474 

17 Engel-Eeimers Jahrb d Hamburg Statskrankenanst , 1891-92, ii 

430-436 

18 Furst, Moritz Berl klin Wchnscbr , 1898, xxv, 1016 
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hi tins case all ‘;}i]iptoinfe abated, iogolliei lutli the ictiun of the tlnioid 
to its usual ‘51/c aftei a month's iieatmciit A\itli meiciu} In no case 
(lid the spellings cause tioublc 

Lockuood’” saAs 

Since VC ]iii\c Ic.uiK’d to look loi this sMtiptoin it has heon frequenth 
ol)sei\cd I lln^e no douht but that it is of the same natinc as the enlargement of 
the hmphatic glands 'I his is Known to he due to \usciilai engorgement I ha^e 
se\eial limes seen in tiic posl-nioi tern room that tins was so 

'J'he coexistence of gonoiihca and papillomata with the skm and 
mucous lesions seemed to ha\e no beaiing on the enlaigement of the 
til) 1 Olds 

Fiom a peiiisal ot the abo^e lepoits il will be seen that the changes 
in the thyioids in secondan s)p]nlis ma) bo consideied. elimcall), undei 
two headings (1) cases in which the swelling is haul and moie oi less 
painful, and (3) those cases in winch the swelling js soft and jiamless, 
causing the patient no diseomfoit "Wliethei oi not these two gioups of 
lesions aiise fiom the same cause, oi whethci one is due to the lodm 
medication and the othei to infection with siphilis must be decided b) a 
liesh senes of obscnations made with special lefcieiice to these points 
Fiom the icpoits of Scifeit and Mendel, liom the siniilaiit) in tlie time 
of appeal aiice, lack of i espouse to ticatnient, and geneial clinical course 
of these cases and those of othei authois, theic seems to be some gi oiind 
loi the suspicion that Seifeit's diagnosis of tlnioiditis lodica mn)’ be the 
coned one foi at least the fust gioup of cases, possibl)’’ foi all Whetliei 
01 not the histological pictuie gnen b}'’ Lanceieaux is the coriect one foi 
all cases is also a subiect foi fuithci leseaich This much seems to be 
settled that in eailv secondaiv s)philis the th}ioid glands fiequentlv 
become enlaiged, that sometimes (we cannot say how' often) this enlaige- 
ment onginates and pi ogi esses undei jiotassium lodid, and that such 
sw'ellings eithei disappeai quite lapidl) undei meieuiy oi fade aw'a)'^ in 
the couise of a yeai oi two independent!) of specific tieatment The 
swelling may be haidl) noticeable, oi so inaiked as to cause djspnea and 
hoaiseness by piessuie on the tiachea and laiynx It may become haid 
and painful or lemam soft and cause no tiouble In any case clinically, 
it IS distinctly not of a gummatous natuie 

But to return to IMendehs discussion of undoubted gummata He 
fiist reports two cases desciibed by Kuttnei (1S9S — ^no leferences) The 
fiist of these w'as that of a wmman, 39 yeais old, who, at IS, had had an 
exanthema and tw^o yeais latei a still-boin child On examination this 
woman wms found to have a veiy haid thyioid as laige as a small fist 

19 Lockwood St Bai tliolomew'’s Hosp Eep , 1895, x's.i, 232 
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wliicli interfered with bieatlimg and caused a paialysis of the neivus 
reennens It was extirpated under the impression that it was a malig- 
nant growth, hut examination showed it to be a gumma, as was also indi- 
cated by the results of lodid treatment for growths which developed latei 
in other regions 

The second case was that of a man, 27 leais old His symptoms weie 
similar to those in the preceding ease It was impossible to extirpate 
the growth, so that, after considerable difficulty, a tracheal cannula was 
inserted A binall piece cut from the new growth showed it to consist of 
sclerotic connective tissue with round-cell infiltration and characteristic 
proliferative processes in the vessels The growth disaiipeared in three 
Aveeks under large doses of lodin 

Mendel then turns to three new eases The first, from Professor 
Thiersch’s clime at Leipsic in 1883, is that of a ivoman, 38 years old 
At the age of 12 she noticed a sivelling in the neck which, in the last six 
months, had become gieatly enlarged It caused no pain The swelling 
was the size of a child’s head, situated on the light side of the middle 
line, and hard, iiiegular and nodulai There was great dyspnea Trache- 
otomy Avas performed Pebruary 5 and extirpation Pebiuary 8 Death 
from heart failure occurred Pebruaiy 10 Post-moitem examination 
disclosed amyloid spleen and numerous radiating scais and gummata in 
the liver The extirpated tumor was 11 cm long, 10 cm broad and 9 
cm thick It was of an iiregiilaily rounded foim, varying in places from 
white to pale red to orange yelloAV in color It vas firm and drj^, with 
the consistency of a rubber ball The tumor included the whole of the 
right lobe of the thyroid It presented, in section, radiating connective 
tissue strands extending from the periphery inwaid, Avith localized areas 
of round-cell infiltration Hear the peiipheiy lemnants of thyroid tissue 
could be found as scattered islets of cells and follicles Avith some colloid 
An intermediate zone of spindle-shaped and Langhans giant cells could 
be differentiated The centei consisted simply of a structureless mass 
The blood vessels of the tAvo outer coats showed a typical sj^philitic arteri- 
tis The Langhans giant cells made Mendel suspect tuberculosis, but he' 
was able by the absence of tubercle bacilli, the small amount of neciosib 
and the vascularity of the lesions to lule out such a possibility His 
diagnosis was struma S3philitica 

In the second case (1892) the patient Avas a Avoman, 38 3 ears of age, 
in good health and Avitli two healthy children In the left lobe of the 
€131 Old was a hard, loio% body the size of a hen's egg It Avas attached 
to the left side of the lai3^nx and was connected to the isthmus of the 
tlnioid by a hard band Here its limits could not be definitely deter- 
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jjiined The nglii ]obe of t]ie thyioid was somewJiat enlaiged, but had 
been so foi years. f’Jie tunioi liad developed m tliiee months It was 
painless A niimbei of practicing physicians and surgeons had advised 
ojieiation, since the hnidness and swelling of the glands beneath the 
angle of the jaw suggested a malignant giowtli Aftei taking Uenty 
glams of potassium lodid the tumor vanished and has never returned 
I’lie thud case (190,5) was that of a woman, 63 years of age She 
had had d^sentei^ and crjsipclas, had borne thiec health} children, and 
had neiei aboited In Decembei, 1901, there developed in the left thy- 
loid lobe, which was alieady enlaiged somewhat, a hard tumor, which 
giew' lapidl}, cau^Jing difliculty in swallowing and bieathing, and finalh 
necessitating tiachootomy in Ma}. 1905 The esophagus w'as so much 
involved that only fluids in '^mall amounts could be swallow'ed All 
physicians consulted diagnosed the case as incuiable cancel When seen 
by Mendel in August, the patient was almost moribund and, in spite of 
the tracheal tube sufleied se\ere attacks of dyspnea and heait wealeness, 
usually these attacks occiiiicd at night The neck had a circumference 
of 45 cm and piesented a gieat tumoi which leached from one angle of 
the jaw to the other It sunoimded the trachea and laiyn\ and appeared 
to be firm!} united with the leitebial column It was haid, only a little 
loughencd, caused no pam, and was not adherent to the skin The 
glands of tlie neck w'cre shghtl} swollen, but did not show' the consistency 
of cancel ous glands Tlieie was no ulceration on the skin without, oi on 
the walls of the food and aii-passages within, no signs of metastasis 
Combined mercury and potassium lodid treatment was instituted 'Within 
thiee w'eeks the circumfeience of the neck deci eased from 45 to 33 cm 
The tiacheal cannula w'as removed, the wound healed and by the begin- 
ning of Septerabei the w'oman was considered cuied. About the middle 
of Octobei a haid painful swelling appeared in the region of the left 
lobe of the tliyroid This developed rapidly, accompanied bj' a veiy 
sensitive swelling of the legional lymph-glands, causing great pam, and 
soon mvolving the left biaclnal plexus and practically all the structures 
in the neck Death followed about the end of ISTovember 

Mendel believes that theie was heie, first, a struma syphilitica, fol- 
lowed, on healing, by a malignant tumor He considers this a fresh 
demonstration of the malignant transformation of syphilitic scars in 
parenchymatous organs He cites a case in wdiich a gumma of the livei 
Yielded readily to mercuiy, one year later a new tumor appeared in the 
liver which did not react to mei eury and which operation proved to be 
made up of carcinomatous loiots in the old syphilitic scars Too man} 
instances axe known, however, of transient improvement under lodids, 
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of symptoms due to malignant growths, to make such improYement ha^e 
much diagnostic significance, so that the nature of his third case must be 
considered as doubtful 

Mendel makes the following summary of syphilis in the thyroid based 
on his own eases and such literature as was familiar to him 

Besides the formation of circumscribed gummata, which appear concomitantly 
with Ausceral syphilis, there occurs a second form of syphilitic affection of the 
thyroids, which consists of an interstitial proliferation and leads to the formation 
of large, hard, markedly nodular tumors, which, by reason of then consistency, 
may he mistaken for malignant giowths They cause no pain but may lead to 
difficulty in breathing and swallowing They develop, apparently, only in already 
diseased glands, and are more common in women than in men Perhaps the lodin 
content of normal glands prevents the localization of the syphilitic virus in them 

hlicroscopically, stiuma syphilitica presents an outer zone of connective tissue 
proliferation with degeneration of the parenchyma, and an inner zone of structure- 
less material with infiltrating groups of round cells and numerous Langhans giant 
cells The vessels show characteristic changes leading to necrosis and fibrous 
degeneration 

Clmically, it is necessary to differentiate only between gumma and malignant 
disease, since the course of the disease, the slight tendency to necrosis and the 
absence of tubercle bacilli seive to eliminate tuberculosis The syphilitic tumor 
may be differentiated from carcinoma oi sarcoma by the slow development, abso- 
lute painlessness, lack of adherence to overlying skin and the absence of metas- 
tasis The reaction to potassium lodid and mercury clinch the diagnosis and 
should always, in doubtful cases, be resorted to before undertaking to operate 

Thyroiditis interstitialis syphilitica is probably more common than has been 
supposed hitherto, in most cases it has been considered a malignant tumor and 
either operated on or left alone, or as we might easily suppose, potassium lodid 
treatment has caused improvement before the real character of the lesion became 
manifest 

Tbursfield-'* (1908) lepoited the case of a waiter, aged 53, who was 
seen Nov 4, 1907, complaining of a Inmp in his neck He had first 
noticed the swelling one month previously The patient had contracted 
syphilis about thirty years before and had been treated for six months 
He had since had various tertiary manifestations which had been cured 
by potassium lodid He had had repeated attacks of gonorrhea The 
patient was a siekly-looking man There was an oval swelling on the 
right side of the neck, measuring two mches by one inch, the long axis 
pointing obliquely outvard and upuard The lower and inner end lay 
in tlie suprasternal notch, while the outer and upper extremily lay about 
an mch above the clavicle, but behind the posterior border of the steino- 
mastoid muscle The carotid artery lay behind and to the outer side 
The skin over the tumoi was natural There was no difference in tem- 
peratuie on the two sides of the neck The tumor was hard and solid 
V ith a smooth surface and rounded margin It was painless and did not 

'20 Tlmrsfield Bnt Med Jour 190S i, 147 
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Jl ^\as iulhoicnl iicitlioi 1o llic ‘•Ivin iioi to the stciiiomastoid, 
Init lno^C(l fiool} on swallowing and was clcaih a pait of the right lobe 
of flip tliMoid gland M'hc palient was oideicd a nii\tnie containin 
pota^-'^imn lodid and aniinonia eaihonate In a foitnight the swellni 
was icducod to hall its si/e and in a month it could no longei be felt 
The diagjio^is was gunnna oi the tlnioid 

^1 he ^Inccmn of the llo}al College of Singeoiib of England contains 
a specimen of gninniatous inflammation of the thyoid gland, which is 
dcsciibcd in the catalogue in the following woids 


Ease of toiigiio, laijnv and lliMoid j»lnnd ‘jIiowjh" pinnnmtons mtiltiation of 
the Dim Old 'Jlio stcinoUiMoid jmi‘'Cle js Timlted (o tlic left lolie of the tlnioid, 
which on ‘■cction lias a white tihrons appoarnnce iieai the pcriphei'j, while the 
(enter nioie neaih lesetnldes noiinal tliMoid ti‘.‘>ne The upper end of the 
tiachca is distinctlj stenoced, and it, as well ns the base of the tongue, shows the 
effect of past nlcerntion ^Microscopic sections showed a librons tissue iiclih 
studded with nuclei Tioin a woman, about GO who was bi ought into Gin’s IIos 
pital dcid 'Jlieie weic guinniata in the Inei 


Eiehaidson-- (jiiote^ Abiaham as haiing icpoitcd 'Hhiee case^ of 
women who de\ eloped exophthalmic goitei, the fust ine months aftei 
the piinian lesion, the second dining the height ol the secondat) mfec- 
lioii, and tlie thud two tcais aflei infection, all of whom weie cmed bt" 
antistphihlic ticatmcnt ’ Eichaidson also sa}s that Eaisans and Audi- 
steie “lepoitcd a case with both gonoiihcal and syphilitic infection, who 
dot eloped a pseudomi.xedcina in which the ni} xedematous symptoms 
wcie not atlcctcd hx moicuiial ticatmcnt but disappeaied nndei thjioid 
feeding ^ One can haidlv accept this case as a dehnitch jnoved sy^phili- 
lic allection of the tlnioid No statements aio made legaiding the pies- 
euce 01 absence oi changes in the si/c oi consistency of the thyroid glands 
such as w'ould be expected W'eic the thyioid aiiection of a syphilitic 
natme 

Gomhault"^ desciibed a tumoi-like giowtli which aiose in the thyioid 
gland and spiead to the neighboiing hmph-glaiids and connective tissue 
bx^ eontmnity of tissue It xvas adherent to the tiachea Theie xvas no 
liistoiy of chaucie oi mucous patches, but tlieie had been an inteistitial 
keiatitis, and tibial peiiostoses w^eie piesent These lattei findings w^eie 
tliouglit to lepiesent late manifestations of heieditaiy sy'philis The age 
and sex of the patient xvas not given Theie was no pulmonary tubeieu- 
losis Histologically’-, the mass piesented a caseous eeutei stiironnded by 

21 Power and Muipliy A System of Sjpbilis, 190S, ii, 109 -pi 

22 Richardson The Tliyioid and Paiathyioid Glands, 1905, ed i, 

1905, J Blakiston iL Co 

23 Baitli and Gombault PiogiCs Med, 1SS4 xii, S34 
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a thick wall of connective tissne in which weie a large number of embr}’-- 
onic connective-tissne cells and a few giant cells There was a maiked 
arteritis obliterans No typical tubercles weie found Repeated attempts 
to demonstrate tubercle bacilli by various stainmg methods failed The 
lesion was diagnosed as syphilitic, and this diagnosis was concurred in 
by Cornil. 

PRESENT CASE 

The case which I have to repoit came to Dr H Gideon Wells foi autopsy at 
the Cook County Hospital, Jan 19, 1909 The history was to the effect that the 
patient enteied the Cook County Hospital, Jan 10, 1909, in the service of Di 
Beck, complaining of hoarseness, great inspiratory dyspnea and pain on swallow- 
ing The trouble had appeared foui months previously, when the patient de- 
veloped the above symptoms This condition was constant and was subject to 
exacerbations at rather frequent intervals, in which the dyspnea was so great that 
the patient became cyanosed Hoarseness was marked There was histoiy of 
syphilis five years previously , the patient had never suffered from any other seri- 
ous illness Examination of the larynx disclosed a paralysis of the adductor 
muscles The neck was somewhat tender in the region of the thyroid caitilage, 
otherwise negative 

Tracheotomy was performed under local anesthesia, Jan 18, 1909, and a tube 
inserted with no relief to the patient, death followed about twelve hours later 

The autopsy disclosed the following lesions Recent tracheotomy wounds, 
blood in trachea and bronchi, gummatous perichondritis of the light thyroid 
cartilage, with partial stenosis of the larynx, edema of the aryteno-epiglottidean 
fold, enlargement of the cervical lymph glands, gumma of the dura mater with 
old intracranial hemorrhage and compression of the right parietal and occipital 
lobes, chronic healing tuberculosis of the apices of both lungs, gummatous infil- 
tration of the right lobe of the thyroid, and operative injury of the isthmus of the 
thyroid, left adhesive pleuritis, ladiating atrophic scais in the skin of the fore- 
head and penis 

The epiglottis showed no gross changes The epiglottidean folds were swollen, 
especially the left, which was markedly edematous and had a gelatinous appear- 
ance The oiifice of the larynx was slit-like and the cords did not open as easily 
as normal The edematous mucous membrane of the ventricles of the larynx filled 
up the entire ventricular space There was connective tissue induration on the 
right side of the thyroid cartilage with thickening of the cartilage and adjacent 
tissues to about four centimeters This included a solid tumor-like mass 2 cm 
thick on the outer side of the cartilage, composed of translucent but film fibrous 
tissue, in the center of which was a more opaque white area There was no ulcer- 
ation in the laiynx The left vocal cord could be pushed away from the median 
line easily, while the right could not on account of a thickening on the inner sur- 
, face of the thyroid cartilage similar to that on the outer surface, which reached 
to the median line There was a thickening of tissue at the site of the right lobe 
of the thyroid gland The gland was larger than normal, weighing 60 gm The 
enlargement was imiform and diffuse The posterior capsule was dense and 
translucent on the right side The upper end of the right lobe was entirely 
leplaced by diffuse, homogeneous fibrous tissue continuous with the perichon- 
drial thickening Deeper in the gland were found a few small, white nodules The 
left lobe showed no changed areas but was slightly larger than normal 

Closer examination of the specimens preserved in Kaiserling’s solution con- 
fiims the findings made at autopsy The right lobe of the thyroid is about 7 cm 
in greatest length, 5 cm in width, and 2 5 cm in thickness Its external surface 
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IS fanl\ sinoolli a ho cut Ruiface shows an area 15 cm to 2 cm m diametei 
occiipMiig llie postcnoi medial poition of the uppci pole of the gland It presents 
an outer /one 3 imn to 5 mm in tliiekncss, of a clcai, homogeneous, seniitians- 
jiaienl appe.n.inoc, and a central aici 7 mm to 10 mm in dinmetoi, of an opaque, 
whitish matenal 'llie outci /one is continuous with conncctne tissue septa 
winch iiin nrcgiil'iih thiouglioiit the gland, diMding it into lobules of inegiilar 
si/e but of a somewhat oial shape About 1 cm fioni tlie inferior evtieniil} of 
the gland is aiiollict aica of h^ aline like matciial, 5 mm to 7 mm in diameter 
It, also, IS continuous with quite hea%\ strands of conncctnc tissue which radiate 
out into the gland 'llic'^c ‘■ejifa cotncige with those fiom the upper pole at a 
thick-wallcd blood ^cssel 15 mm in ciocs section, situated about the middle of 
the anterioi surface of the lliMoid, foiming there a thud area of clear, homo 
gencoiis conncctne tissue with a maikedh iiicgular outline 

lurnirig to the medial side of the light lobe we find that the tissue described m 
the posterior medial poition of the upper pole extends clcai to the suiface, and 
was appaientl} in len close apposition, if not directly continuous, with the pen 
choiulrial thickening of the i iglit tlnroid and cricoid cartilages 

3’Iie left lobe of the tlnioid is 7 cm in length, 3 5 cm in width, and 3 cm in 
greatest thickness About 1 cm from the tip of the infcrioi pole on the cut sur- 
face IS a nodule 5 mm in diametoi, which has the appeainiicc of colloid Aboic 
tins and moie anteiiorh is a small spicule of whitish matciial with the consist- 
enc\ of caitilagc 'J lie left lobe is otlieiwise iioimnl 

the giowth on the light side of the lannv is triangular in outline its base 
following a line fioni the superior tuheicle of the thvroid caitilage to a point a 
little below the tip of the infcnoi coinu The two sides of tins triangle comerge 
to a blunt point at tbe apex of the antenor nich of the cricoid caitilage Tlic dis 
tance from apex to base is 4 cm , while the base line has a length of 4 cm Tlie 
thickness of the growth giaduallj inci cases from the base to a point a short dis- 
tance back of the apex, wheic it is equal to about 1 cm The cii' suiface presents 
an appeal ance similai to that described foi the largest nodule in the light lobe of 
the thjroid, namch, an outer /one of a tianshicent, hj’aline material and an inner 
or central region of denser, more opaque, whitish tissue It is dncctlj opposed 
to the surface of tlic cai triages of tlie laijmx, fioni which it can bo lathei easily 
peeled, Icaaing a smooth white suiface 

The growth on the iniici side of the caitilagcs shows no pcciiliaiities not 
already brought out in the foregoing description 

For inicioscopical exainination tissues weie fixed in Zenkei’s fluid, and ini 
bedded in cclloidin Sections w'cic stained with liematoxylin and eosiii 

Under the niicioscope, the left lobe of the tliyioid appears to be pool in colloic 
but IS otherwise noinial The light lobe slioivs a geiieial inciease in the peiifo 
liculai connective tissue, and in addition, a considciable area in w'lucli no tbvroi 
cells can be made out This aiea is, in the main, latbei sliaiply niaiked off fioin 
the gland cells, but places aie not dilTiciilt to find wheie no line of demaren lon 
exists, the two tissues merging into each othei Tliickenecl strands of pen o 
licular connective tissues aie diicctly continuous with tins new' giowti ^ 
foreign tissue may be divided into an outer and an inner /one The outer zone 
that w'hich borders on and sometimes infiltrates thyioid tissue is loiighy senii 
circular in shape, is fairly thick, and consists to a considerable extent o aige 
spindle-shaped cells Ijung in a myxomatous niatiix Occasionally 
stellate and epithelioid cells ai e found and once in a while small groups of ynip loi 
cells occur Seveial small atypical giant cells, i containing tbiee oi four cen la y 
placed nuclei, are present, as w'ell as a few' giant cells of the Langbans jpe n 
many areas the proportion of matrix to cells is faiilj' large The innei zone o 
this tissue, which is irreguai in outline, consists of a netwoik of nbiin like 
— ^necrotic material — in which an occasional large spindle, stellate or en o le la 
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like cell lias become entangled The contiast between these tA\o aieas is maiked,, 
though they shade ovei into each other at their line of contact In some sections 
the spindle-celled and lound-celled tissue assuming more of a round-celled type, 
can be seen to invade the interstitial tissue of bands of striated muscle The pi oc- 
ess also appears to have invaded the periglandular fat tissue In a few places one, 
sees localized areas of connective tissue proliferation, composed of a cential poi-, 
tion of epithelioid cells and a peripheral portion of lymphoid cells These aieas 
are small and occur in and near the margin of the region of foreign cells Some-' 
times they consist entirely of round cells, which predominate largely in every case 
Occasionally one of these areas possesses a necrotic center In this lobe of the 
thyroid there is marked arteiiosclerosis with calcification — a condition which is 
not present in the other lobe The new tissue giowth is quite vasculai All the 
vessels show marked proliferation and thickening of their walls, sometimes 
almost to the extent of total occlusion 

The chief effects on the thyroid tissue aie appaiently the lesults of pressuie 
only, the proliferating tissue confining itself to the interfollicular legions 

The diagnosis is gumma of the thyroid gland, piobably primary in the peii- 
chondrium of the cartilages of the laiynx and secondarily invading the light 
thyioid body by direct contiguity of tissue 

SUMMARY 

Twenty cases of gumma of the th}roid have been described Eight 
of these — 3 by Abraham^ 2 by Mendel, 1 each by Kohler, Pospelow, and 
Thnrsfield — Yere diagnosed only clinically, withont any definite ana- 
tomic proof of their syphilitic origin, 3 eases — 2 of Mendel’s and that of 
Clarke — ^were diagnosed both clinically and histologically, 8 cases — 
Demme’s 3, the case in the Museum of the Royal College of Surgeons 
and 1 each by Barth and Gombault, Mendel, Eraenkel and Davis — ^were 
diagnosed histologically Of the other cases, that of Kavrital was prob- 
ably diagnosed clinically — it is specifilcally stated that histological exami- 
nation was not made The basis for the diagnosis of Wagner’s cases — 
number unknown — cannot be stated It appears, then, that, as far as we 
can learn, this is the first case of tertiarj’- syphihs of the thjT'oid gland — 
the diagnosis being confirmed by the anatomical findings — to be reported 
m American literature, the third repoited in the English language, and 
the eleventh m the entire medical hterature These figures afford ample 
evidence of the great mfrequency of definite sj-philitic lesions in the 
thiioid 

In gummata of the thyroid the histological findings are identical with 
giimmata m general Clinically, as MendeP^ has pointed out, the syphi- 
litic tumoi is almost painless, is not adherent to the overlying slan but 
may be firmly adherent to the trachea and larynx and even to the verte- 
bral column, and does not produce metastasis It usually is small, but 
mai leach a large size History of syphilis is suggestive^ while the reac- 
tion to lodid of potassium and mercury is decisiie for diagnosis The 
growth may occur at ani age It may ulcerate, may cause severe di spnea 
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1)'\ piessnio on the tiacliea and b) inducing an edema of the laiyn\ Ailndi 
may also seiiously’ inieiJ’eic Milli dogluliiion It may cause lioai^eness, 
it may cause m3.\edenia by intcifeicncc •with the function of the tb}- 
loids, it ma} cause S3mptoms of exoplitbalmic goilei, and possibly the 
healed sear 11103 nndcigo malignant tiansfoimation Im ol\ ement of the 
nenc ti links in the neck 11103 occui, luth distiiibancc of then functions 
’'J’lic giOMth, if of small si/e, may piodiice no symptoms aside fioin the 
spelling It fiequcntly is not piimaiy in the th3ioids, but is secondaiy 
to a siphilitic peiichondiitis of the cartilages of the lai3n\ 

Siielling of the tli3ioid occurs fieqiientl3 m eaily secondaiy syphilis 
'Pile question as to whether 01 not this sm oiling is due to the S3fphilis or 
the tieatment, 01 whether tlieic may be tiso distinct t3^pes of th3aoid 
enlaigeiiient in secondaiy syphilis, the one due to the S3'philis, the othei 
to the use of potassium lodid, is still open 

In conclusion, I 111*511 to thank Dr 31 Gideon "Wells foi the oppoi- 
tiinit3' to study this case and foi his advice and assistance in the exami- 
nation of the tissues 
Uin\ei«i(j of Chicago 



THE PBCTJLIAEITIES OF HITEOGENOIJS METABOLISM IN 
PEENICIOHS VOMITING OF PEEGNANCY 

FRANK P UNDERHILL 


AIsD 

RICHARD F RAND, MD 

Is'EW HA%EiSr 

THE CLINICAL PICTURE PRESENTED BY PERNICIOUS VOAIITING OP 

PREGNANCY 

According to the classification of ‘WEliams/ pernicions vomiting of 
pregnane}^ maj^ be of two t3'pes, one acute, the other chronic In the acute 
form death maj’- result within a relatively short period of time The 
patient, who has been apparently a normal pregnant woman, suffering 
from what appeared to be the ordmary ^^morning sickness ” suddenly 
begms to vomit all food This symptom is soon followed by signs of 
prostration, unaccompanied by an mcreased pulse-rate or rise of tempera- 
ture After this condition has been mamtamed for a number of da}s 
considerable quantities of a coffee-ground-like material may be vomited at 
frequent mtervals The patient soon passes into a torpid state, leading 
to coma and resultmg in death This type of vomitmg is not necessarily 
associated with great emaciation The urme, which is apparently normal 
during the first days of pregnancy, later assumes an abnormal composi- 
tion, smee albumm, blood and various 13^)65 of casts may be present The 
temperature may or may not be significantly increased In the last few 
days before death the conjunctivaa may present an icteric discoloration., 
or a decided icterus may be present^ although its occurrence is rare 

' From the Sheffield Laboratory of Physiological Chemistry, Yale University,, 
and from the Obstetrical Sertnee of New Haven Hospital 

* For the views expressed in the mam portion of this paper F, P Underhill 
IS responsible The clinical report has been rendered by Dr R F Rand We 
desire to express our obligations to Dr Otto G Ramsay, Professor of Obstetrics 
and Gynecology in the Yale Medical School, for his kindness in placing at our 
disposal the cases reported, which occurred in his service at the New Haven Hos- 
pital We are also deeply indebted to Prof Lafayette B Mendel for criticism of 
the manuscript and to Mr W C Rose, Assistant in Physiological Chemistry in 
the Sheffield Scientific School, for a large portion of the urmary analyses- 
recorded 

1 Williams, J W Pernicious Vomiting of Pregnancy, Abstract of Autopsv 
Protocol by H T Alarshall, Johns Hopkins Hosp Bull , 1906, xvii, 71 
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^ o)nitn}g of llie cliionic t3'pe inaj continue ovei a veiy long period, 
diiiing nliieJi extienie emaciation may occui, oiving to the diminished 
iiitahe 01 complcle lack of food 1'lie pulse-iate slowly increases, but 
fciei IS nsnall} absent i!^ot until ."just befoie death does the dark vomitus 
chniacieiistic of the acute t^pe of ^omlilng appeal The patient is gen- 
eiall} conscious until shorll} befoie death 

Tin oniLs AS TO Tini litology or imiiN’icious vomiting of pregnancy 
The presence of unknown toxic piineiplcs elaboiated wnthin the 
oigiiiii'^m of tlie piegnant woman is supposed to be the underl3ing cause 
of pernicious lomiting Fiom a sui\e\ of the mass of litciatiire i elating 
to tiie subject, it is appaieiit that tlicsc Jnpotlictical substances inaj' orig- 
inate fiom at least foui ‘^ouices namely, the gastio-enteiicti act, the fetus, 
an ovarian secretion, and hepatic Ic'^ions The foundation foi the theory 
of the gastro-enteiic oiigin of the toxic bodies was laid 113^ Dirmoser,- wdio 
demonstiated an increased output of the pioducis of intestinal putreiae- 
tion, indol deinatnes etc , in the mine of women with pernieious vomit- 
ing According to Iiis mcw, tlie piesence of these substances in the blood 
IS sufiiciont to induce neuiosis and \omiting lesults 

Accoiding to Yeit the fetal metabolic pioducts finding their way into 
tlie mateinal blood ma) eantjc certain C3tolytic changes of a nature to 
produce lesions in the mateinal oigans and hemol3'sis of the blood The 
ovan as a souicc of poisonous compounds is assumed to elaborate an 
ahnoimal secietioii, or else the noiinal secietion may be suppressed 

The theoiy that hepatic lesions aie responsible foi the abnormal con- 
dition under discussion is based on numeious autopsy lepoits Accoiding 
to the investigations of Stone* and Ewung,'* the livei in these cases pre- 
sents the lesions observed in acute yellow^ atiophy, the entire cential 
portion of each lobule undergoes complete necrosis, wdiile the periphery 
shows signs of fatt}^ degeneration, and only a few cells remain perfectly 
noimal Some of the adherents of this theory, notabl}’’ Ewing, maintain 
that pernicious vomiting, acute 3mllow atropli3’' and eclampsia aie essen- 
tially one and the same disease 

THE COMPOSITION OP THE URINE IN PERNICIOUS VO^HTING OF PREGNANCY 
The perfectmg by Folin® of exact and relatively simple methods for 
the determination of the principal constituents of mine has made possi 


2 Diimosei, E Einweiteiei Beitiag zur Automtoxikationstheone bei Hyper 

emesie gravidarum, Wien khn Wclmschr , 1903, xvi, 405 

3 Veit and SciioJteji, Ztsclu f Geburtsh u Gynak , 1903, xhx, 210 {Oi 
fiom Williams ) 

4. Stone Am Gvnec , 1903,, 111 518 

5 Ewing Am Joui Obst , 1905, li, 145 

6 Folin Am Joui Plij siol , 1905, xiii, 45 
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ble the application of tinstwortliy methods to the field of pathological 
research on this secretion The possibility of the demonstration of paitie- 
nlar types of abnormal processes through a study of the urine has thus 
been greatly enhanced 

The first application of these newer methods to a study of the urine 
in pernicious vomiting was made by Stone As a result of his investiga- 
tion the conclusion was drawn that in pernicious vomiting of pregnancy 
hepatic lesions pervert the metabolic processes in such a manner that 
various unoxidized nitrogenous compounds are eliminated instead of urea, 
which may in themselves exeit a more or less toxic influence The pres- 
ence of leucin and tyrosin in the urine, together with a greatly dimin- 
ished percentage of urea nitrogen and an augmented amino-acid-nitrogen 
ratio, was offered as proof of the correctness of Stone’s conclusions Only 
in fatal cases was the ammoma-nitiogen ratio disturbed 

Williams’- selected the ammoma-nitiogen ratio as a means of diagno- 
sis in pernicious vomiting, and on the basis of results derived from the 
determination of this urinary constituent, has divided vomiting of preg- 
nancy into three classes, namely, (a) neurotic, (b) reflex, (c) toxemic 
It IS only in the last type that uiinary analysis offers any evidence of 
noticeable metabolic disturbances Heie the characteristic feature to be 
observed in the urine is a marked decrease in the amount of nitrogen 
excreted as uiea and a large increase of the nitrogen eliminated as 
ammonia Indeed, the latter urinary compound may constitute about 
half of the total nitrogen excreted in the urine Williams failed to detect 
acetone, diacetic acid, oxjfiutync acid and allied substances, and in the 
urines of the two cases examined leucin and tyrosin were absent 

The research of Ewing and Wolf,® in which nearly all the nitrogenous 
constituents of the urine were estimated, led to the conclusion that in 
toxemic vomiting of pregnancy tlie chief features of uimary analysis are 
low urea, high amido or undetermined nitrogen, and usually high 
ammonia excretion According to then view, emphasis should be given 
to the high undetei mined nitiogen faction as indicative of deficient 
desamidation on the part of tlie hepatic cells, although they frankly admit 
that attempts to identify certam er}stals obtained in the mine in their 
cases as leucin u ere unsuccessful 

7 Stone Petal Manifestations of the Toxemia of Pregnancj, ]\Ied Record, 
Ken York, 1905, Kmii, 205 

8 Ewing and Wolf Am Jour Obst, 1907, Iv, 289 
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A co.^rp.u?isox or wii: unixAnr pictures prlsektld by ferxioious 

YOMITIXG AXO IXAXITION 

In I)ern]ci04is vomiiing oX pregnancy the influence of inanition on 
ihe composition of flic mine should be considered as a factor of paia- 
niount impoitance, since the tiio conditions many times e\ist togethei 
If abstinence fiom food bo continued sufficiently long the urine presents 
some sti iking similaiities to that at times excreted in pernicious vomiting 
In both pel melons vomiting and stai ration the nitrogenous metabolism 
IS geneialh someuliat decrea'^ed as indicated the excreted nitrogen 
Tliere may be a diminution in the relatne output of urea and an increase m 
the elimination of ammonia Tlie cieatinm and uiic-acid values appaiently 
aie not gieatlj deflected fiom fhc uoinial, or else show such irregularities 
that attempts to coiielatc them with the othei uiinaiy nitrogenous com- 
ponents ha\e pioved of little lalue Acetone, diacetic acid and oxybut^Tic 
acid may be piesent in iclativel}' laige quantities in the urine of both 
peimcjous lomiting and inanition, althougli, accoiding to Williams/ 
‘^acetone, diacelic acid, oxybiityiic acid and albed substances were not 
found in the urine” of patients iiitli toxemic vomiting “The chief dis- 
tinctions (between the mine in pernicious vomiting and inanition) are 
tlie inconstancy of acidosis, the occuiience of high total ammonia without 
acidosis and the higli pioporlion of araido-acid nitrogen,”^® all applying 
to peiniGious vomiting The obseivation of Stone that leucm and t}uosm 
aie present in the urine of pernicious vomiting does not hold rrue for 
the urine in starvation 


SOME COXSIDERATWNS SUGGESTED FROM A REVIEW OF RECENT LITERATURE 

ON PERNICIOUS vo:mitikg 

Leucm and Tyiosin — From a critical suivey of the more lecent liter- 
ature relating to pernicious vomiting of pregnancy, several points of 
interest presented themselves In the article by Stone’ it is reported tlia+ 
leucm and tyrosm weie recognized in ihe mine in several cases From 
Case 1, Group A, the following hguies aie taken For comparison, 
‘'“'normal” figuies are also given 

stone “Noixnal” (Folln”) 

% 

Total N ^6 2 

Uiea N 
NHs N 


Amino acid N 


1 2 
1 4 


% 

61 
76 2 
42 
10 6 


9 Williams Johns Hopkins Hosp Bull , 1906, xvii, 79 

10 Ewing, James Acidosis and Associated Conditions 
Acidosis, The Aechives Int Med , 1908, ii, 486 

11 Folin, O Am Jour Physiol , 1905, xiiz, 70 


nr Clinical Ijpes of 



F P UNDERHILL— R P RAND 


65 


In tins urine leucin and iyrosin weie reported present Yet from 
an inspection of the nitrogen partition ^ust given^ it is hard to conceive 
how so low a figure as 1 4 per cent of the total nitrogen will account for 
the undetermined nitrogen normally present in urine, which alone is 
usually much higher than this (see ‘^normal” figures), and also for the 
nitrogen contained in the leucin and tyrosin, which were present in suffi- 
cient quantities to crystallize In view of these figures, and from the 
fact that only the characteristic color and shape of the crystals obtained 
by the lead method are offered as evidence of the presence of leucin and 
t} rosin in these urines, it is apparent that the occurrence of these com- 
pounds in the urine of pernicious vomiting is not firmly established One 
IS still more unconvinced since these same substances weie reported 
present in eases that were not serious Furthermore, it is of interest to 
note the following, quoted from a paper published later by Ewing and 
Wolf 

We have spent much time and labor in attempting to determine the presence 
and seventy of toxemia by the abundance of crystals resembling leucin obtained 
by the lead method Although we have been unable to identify these crystals as 
leucin, and think that in many cases they are chiefly urates, it is nevertheless 
true that they arc extremely abundant in cases of acute yellow atrophy and 
eclampsia, and their numbers bear a close relation to the severity of the symptoms 
in nearly all cases of toxemia 

Until some evidence is offered more convincing than the above, how- 
ever, the presence of leucin and tyrosm in the urine in pernicious vomit- 
ing of pregnancy cannot be said to have been established 

Ammo Acid Niti ogen — In an article by Edgar^^ on the urine in per- 
nicious vomiting are given the results obtained from a more complete 
determination of the urinary components Comparison is also made of 
the urine in normal pregnancy The undetermined nitrogen in non-toxic 
pregnancies varied between 8 and 18 6 per cent of the total nitrogen 
On the other hand, in only one case of toxemic pregnancy is the percent- 
age of undetermined nitrogen higher, and in this instance the difference 
is small In the pre-eclamptic cases reported by Edgar there are only 
two instances in which the percentage of undetermined nitrogen exceeded 
that found by him for the normal pregnant woman The ammonia nitro- 
gen percentage was never high, nor was the urea lower than what might 
be possible for the normal urine Since creatmin and uric-acid nitrogen 
figures were not uniformly given, it is assumed that the undetermined 
nitrogen was estimated by the PfaundleU'* method It is to-day well 

12 Ewing and Wolf Am Jour Obst , 1907, Iv, 312 

13 Edgar, J C • ISTew York Med Jour, 1900, Ixxxm, 897 

14 Pfaundler Ztscbr f pbvsio] Chem , 1900, xxx, 75 
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iccogin/cd ilini tlic 1 ftinndlcr pioccdiiic is of {juGstionablG^** value as a 
ineans of estinialing' ainmo-acid^^ oi iindeteiiniiiGd uitiog'eii m the urine 
Accoidmg to its autlioi^^* a. portion of tlic crcatinin and hippurie acid is 
to be included m this fraction Each with due appieeiation of the limi- 
tations of ‘:uch a mclliod, it is obvious that lesults obtained bj it should 
not foim the foundation foi a diagnostic measuie nor influence the 
obstetrician in his tieatment of the disoidei of piegnancy under discus- 
sion 

Euing and A\olt einjilo^ed the same method foi undeteimined nitro- 
gen in a nuinbci of cases» and in these instances the conclusions which 
liaAe been diaun are, theiefoie, not to be considered as flrmly established 
In a peisonal communication to one of us (Undeilnll) Dr Ewing has 
fiech admitted the innccuiac} of the mctliod, and has intimated that the 
lesults obtained b^ it must be interpicted with full knowledge of its 
inaccuiacies In the paper by Ewing and ^yol^ a lelatively large nnmbei 
of appaient anthmctical eirois maj he noticed, which, how^evei, Di 
Ewing assuies us, aie mainly of t’jpogiaphical oiigin nevertheless, then 
pieseiice inteifcros gieatly with the inieipietation of the data submitted, 
since one is imceitain whelhci a specific erior is merely tjpogiaphical, oi 
w hether the disci epanej^ remains unexplained Aside horn these apparent 
eiiois, howeiei, theie aie a few instances in which ciiticism of the data 
gnen can be iaiily applied Foi cxamiile, in Case 8, paitiaUy lepiodueed 
in Table 3, on Febiuaiy 24 the sum of the vaiious forms of nitrogen 
determined amounts to 98 6 pei cent of the total nitiogen The nitrogen 
contained m the foini of creatmm and uiic acid wdiich was not included 
in the analysis of that day, iiould suiely amount to moie than 14 pei 
cent , even though one takes foi one's criterion Swung and Wolf’s own 
figures for these substances In the same case, on March 1, the total 
nitiogen determined adds up to 100 9 per cent of the total nitrogen 
Avitliout any consideration of creatinin and uiic-acid nitrogen On the 
other hand, on July 29, only 75 65 pei cent of the total nitrogen is 
accounted foi, nor can it be assumed that the deficiency could be entuely 
eradicated b}' malang ailowmnee foi the forms of nitiogen which were 
not estimated These considerations enable one to lealize how little 
dependence is to be placed on results for undeteimined nitrogen obtained 
the Pfaundler method Even were it assumed that the figures foi the 
undetermined nitrogen ivere accurate, it is difficult to undei stand how m 
Case 8, on February 24 or March 1, there is any evidence of deficient 

15 Pohn, 0 Am Jour Phjsio], 1905, xin, 93, wheie literature on the sub- 
ject IS given , 



F P XJFDEREILL—R F RAND 


67 


desamidatioH; since on these days the snm of the percentages of niea 
nitiogen and ammonia nitrogen is 84 6 and 84 9 , respectively, ■which is 
piactically normal when compared with corresponding figures for total 
nitrogen in Folm’s tables (See Table 1, in which comparative figures 
are given ) The same argument will apply with equal force to a case of 
toxemia of pregnancy published later h}'- Ewing (See Table 4 ) In 
no single instance throughout the entire eourse of the ohseivation is there 
any evidence of deficient desamidation The highest percentage of undeter- 
mined nitrogen attained was 22 7 but to this urine the following is 
appended ‘'TJric acid uncertain Eef erring again to Case 8, theie is 
onl}^ one instance in which deficient desamidation could he possible, that 
IS, on July 29, -nlien the sum of the urea nitrogen and ammonia nitrogen 

TABLE 1— COMPARISON OP DATA PROM EWING AND WOLP FOR TOXEMIA 
OP PREGNANCY AND FROM FOLIN FOR NORMAL MEN 

Drea 


Case 


Date 

Total N 
Gm 

and Am- 
monia 
N % 

Urea N 
% 

Am- 
monia 
N % 

Cre- 

atmm 

N % 

Uric 
Acid 
N % 

Undetei 
mined 
N % 

Case S • 


2/24/05 

6 24 

84 G 

72 2 

12 4 



14 0 

Case 8 


3/ 1/05 

GOO 

84 9 

80 0 

40 



16 0 

Case S 


7/20/05 


G8 41 

63 1 

5 31 



7 24 

Di E V 

s r 

1/30/ 

6 1 

80 4 

76 2 

4 2 

70 

20 

10 G 

Di Aug 

H t 

7/ 4/ 

50 

81 7 

76 0 

5 7 

SO 

1 6 

87 

Di Aug 

H 

7/ 6/ 

3 5 

67 3 

57 9 

94 

13 6 

37 

15 4 


* Ewing and Wolf Am Jour Obst , 1907, Ir, 31S 
T Folin Am Joui Phvsiol , 1905, xni, 70 
I Folin Am Jour Physiol , 1905, xiii, 70 


amounted to only 68 41 per cent of the total nitrogen, but on this dav 
the undetermined nitrogen was low Dr Ewing, in his communication 
to us, has ■written as follows 

Gi anting that the 1905 cases (of which Case S, just considered, was one) are 
not fully lalid to-day, I must point out that the later cases in w'hich we deter- 
mined five substances offei eiidence justifying the general conclusions of our 
studies 

In this we fail to agree with him, for in Case 7 (see Table 2), although 
on Maich 1 and j\Iarch 3 1906 the undetermined nitiogen is high, we 
cannot see ■uhere deficient desamidation can possibly play a lole, since 
the sum of the uiea nitrogen and ammonia nitrogen is as nearly the 
noimal figure as is usualh obtained for a comparable output of total 

IG Ewing J The ARcni\ES I^T ^Med 1908 ii 484 
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iiitiogeii (Sgc Table 2, lu ^^l^ch the peicenlages in Case 7 of EiMiig and 
Wolf aic eompaicd i\itli percentages taken fiom Eolin’s tables foi com- 
paiable mtiogen exeietion ) Theie are plentj of other instances in the 
Moik of EiMiig and li\olf in mIhcIi the same aigiiment Mill bold, but the 
al 30 ^ e example m’iII suffice 

Noimal Uunanj Siandmds—lt is the opinion of the writer of this 
portion of tins papei that the piinciple of pronouncing any specific case 
of metabolism abnormal, nieiely from a consideration of the peiceniages 
of its nitiogcnous constituents, is fundamentally incorrect and even 
tliough these ratios aie coraiinied uith tlie so-called nonaal lahos for a 
given output of nitrogen, great caution should be observed in the inteipre- 
tation of the lesults Compaiison of peicentages with normal peicentages, 
ei en u hen consideration is made of the total nitrogen output, canies with 

TABLIl a—COMrAinSON OP DITA FROM rjMJXG AND WOLF FOR TOXEMIA 



OF PREGNANCl AXD 

FROM 

FOLIN 

FOR NORMAL 

MEN 


Case 

Date 

Total X 
Gm 

Inoa 
and Am- 
monia 
N % 

Urea N 
% 

Am- 
monia 
X % 

Ctc- 
atluln 
N % 

Uric 
Acid 
N % 

Undeter 
mined 
N % 

Case 7 * 

3/ 1/00 

12 5 

85 2 

71 0 

14 2 

1 1 

09 

12 0 

Case 7 

3/ 1/OG 

88 

82 8 

07 5 

13 3 

1 0 

2 2 

131 

Case 7 

3/ 5/OG 

9 1 

89 G 

78 2 

11 1 

2 2 

1 G 

CG 

Dr n li 

IJ T 3/10/ 

12 G 

85 8 

83 3 

23 

57 

19 

CC 

Dr E S 

At 7/2/ 

8 G 

81 0 

1 < i 

G3 

50 

08 

10 2 

Dr H B 

H § 7/21/ 

9 1 

85 0 

78 8 

02 

G9 

1 7 

04 


• Ewing and VYolI Am Joui Obst , 1907, Iv, 318 
rFolln Am Jour Pbjsiol , 1905, xlli, 108 
t Folln Am Jour Physiol , 1905, xlll, 78 
§ Folln Am Jour Physiol , 1905, -^111, 70 

it certain assumptions, as, for instance, that every individual organism 
behaves in almost exactly the same fashion, a hypothesis that is mani- 
festly incorrect Furthermore, on this basis, it must be assumed that 
certain specific constituents of the urine are always normall}'^ eliminated 
in a fixed proportion to the total nitrogen If we take ammonia as a 
specific example, the answer to this has been well expressed by Eolin 

With pronounced diminution in the piotein raetaholism (as sliown hy the total 
nitrogen in the urine) , there is usually, hut not always, and therefore, not neces 
sarily, a decrease, in the absolute quantity of ammonia eliminated A pronounce 
reduction of the total nitrogen is, however, always accompanied by a relative 
increase in the ammonia nitrogen, provided that the food is not such as to yie 
an alkaline ash 


17 Folin, 0 Am Jour Physiol , 1905, -viii, 92 



F P UFDEREILL—R F RAND 


69 


In other words^ the ammonia ontpnt does not necessarily bear a fixed 
lelationship to the ontpnt of total nitiogen, nor is there a fixed standard 
for its elimination Folin has also called ^larticnlar attention to the 
variations which may be fonnd in the ontpnt of ammonia nitrogen in 
different individnals, even when on essentially the same diet 

A good example of the fallacy of measnring any nrine by a so-called 
normal standard, which is especially tme from the standpoint of per- 
centages, IS shown in Table 3 for urea nitrogen and undetermined nitro- 
gen The figures’-® are taken from Folin’s work 

It will be noted, first of all, that these analyses show the same ontpnt 
of total nitrogen (the diet was practical^ identical), and yet observe the 
absolute and peicentage differences with regard to urea nitrogen and 
undetermined nitrogen Is 66 per cent of the total nitrogen excreted as urea 
in the one case as against 79 per cent in the other to be considered as 
evidence of abnormality ^ Manifestly not, it meiely illnstiates the varia- 


TABLB 3— UREA NITROGEN AND UNDETERMINED NITROGEN IN NORMAL 

SUBJECTS 


Subject 


ESA* 
H B H T 



a 

o 

a 

a 

C5 

a 

Cs 

iz; 

2? 

a 

|s 

2 

"S 

<Q 

a 

o 

55 

4-» 

55 

55 

a 

p 2 


o 

4-i 

4-* 

O 

CJ 

a> 

u 

« 

Cd 

•So 

o 

uO 

■>4 

o 

K) 

a 

ei 

a 


cS 


a> 

C! 

Q 


53 

55 

U 

P 

P 

P 



6 P 

P 

7/ 4 

[|5 3 

14 2) 

0 40 

)0 40 

)0 08) 

0 19] 

|79 7 

)7 6| 

[87 3| 

761141 

37 

7/1815 3| 

[3 51 

0 47 

0 58 

|0 091 

0 631 

[66 4 

19 0| 

175 41 

11 6|l 71 

11 9 


* Folm Am Jour Physiol , 1905, xin, 78 
T Folm Am Jour Physiol , 1905, xiii, 76 


tions which may occur in the metabolism of different individuals, even 
when on an identical diet Again Is the fact that in one case the unde- 
termined nitrogen is thiee times greater than in the other to be taken 
as an indication of pathological processes, i e , for instance as an evidence 
of deficient desamidation^ These diffeiences are merely indications of 
the vaiiation which may occur in normal metabolism, and they emphasize 
fully the need of caution m the inteipretation of results obtained from 
analyses of the urine of persons m a diseased condition Furthermore, a 
low urea nitrogen content, whether absolute or relative, is not sufficient 
evidence to indicate abnormality in intermediary processes, for mstance, 
as mdicative of suboxidation or deficient desamidation In any such 

IS In the original table three arithmetical errors occur in the calculation of 
the peicentages for urea nitrogen and undetermined nitrogen On our calling Dr 
Folin’s attention to these errors, he has given us permission to make the necessary 
corrections in this instance, and in an article on nitrogenous metabolism soon to 
be published by him, he mil indicate certain other errors -which haie crept into 
the tables published by him in the American Journal of Physiology, 1905, xin, 45 
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coiisidGiation of llie niea- nitrogen output the excietion of ammonia nitio- 
gcn must alMa}s bo incluclecl^ since tlie line of metabolism leading to uiea 
foimation is so intimatel} associated uiili the line leading to ammonia 
excretion that conclusions diawn fiom urea nitrogen elimination alone 
aie extiemely liKclv to be eiioneous Thus, if we compare the sum of 
uiea nitrogen and ammonia nitiogen lepoited by Euing and Wolf for 
‘Toxemia chaiacteir/ed eliiefly by lomiting,” uith similar figures of 
Folin foi appioximatel} the same elimination of nitrogen, it uill be 
obsened that tlieie is not a single insiance in uhich there is as great 
a dill Cl once as uas shoun in the table aboie to be uithm noimal limits 
In otliei uords, the ammonia nitiogen output fulij compensated for any 
appaient lowering of tlie uiea nitiogen output Indeed, they conclude 
that ‘The chief featuic of the uiinary analjses (m toxemia of piegnancy) 
aic low uiea, high amido-nitiogen oi undeteimined nitrogen, end usually 
high ammonia excretion 

Scrutin}' of the icsult'; of anothei casc,^~ partially lepioduced in 
Table 4, leported b} Eu ing, reveals the same thing, namely, that accord- 
ing to the value of uiea nitiogen plus ammonia nitrogen, there is no 
eiidence of deficient desamidation except on tuo days, July IS and 39 
On July 18, liouciei, less than 83 pei cent of the total mtiogen is 
accounted foi, and the dificrcnce of July 20 is probabl} due to decompo- 
sition of the urine, since on this daj the leaction vas neutral 

The low uiea in each instance is compensated for b}' the high ammonia 
Compaiing the figures foi undeteimined nitrogen m this table with some 
of those of Folin for appioximatel} the same output of nitrogen, the 
gicatest dilfeience to be observed in the tvo sets of figures is a matter 
of a few hundiedths of a giam of nitrogen, oi 4 or 5 per cent So fai as 
the undeteimined nitiogen is concerned in this table, we fail to see the 
least evidence of abnormal metabolism Furthermore, there is no greater 
percentage ditfcrence between values for undetermined nitrogen given in 
any of the tables of Ewing and Wolf foi pernicious vomiting and some 
of those foi normal pregnancy than can be pointed out for normal urmes 

The low creatinin figures given by Ewing and Wolf, and a pait, at 
least, of the high undetermined nitrogen can be accounted for by the 
probable presence of significant quantities of creatin nitrogen which was 
not estimated This appears likely from a later paper by Bwing^ (see 
Table 4), and from our own results to be reported later, in which cieatin 
nitrogen was generally present, especially when no food was ingested A 

19 Ewing and Wolf Am Joui Ofasf , 1907, Iv, 294 







m 

O) 


\o 


a 

<5 

I? 

o 

H 

« 


fa 

O 

<1 


fa 

M 

o 

H 

fa 

O 

H 

m 

u 








OCOrHOOOt^lOJOb- 
r^^L'^^-COC^1C^C^^CiO<^^ 
rH ■H'Ht-JtHt-I rHC^ 




O 

a 


o 


o 

(M 


<M 


C<l 

CO 

t- 

o 


o 

JO 

Ol 

b- 

CO 

CO 

b- 

t- 

rH 


ITS 



CO 

T}1 


CO 

CO 

(n 

<M 

CO 

co 



CO 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 


t- 

a 


Ol 


o 

t- 

o 

JO 

CO 

rH 

CO 

b- 

lO 

CO 

rH 

rH 

rH 

rH 



co 

CO 


rH 


(M 

rH 

rH 




CO 

CO 




CO 


CO 

CO 



rH 

CO 

Ol 

CO 




o 

o 

o 

CO 

CO 

rH 

b- 

O 

CO 

lO 

o 

o 

o 

o 

o 

o 

rH 

rH 

rH 

o 

o 

rH 

rH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

O 

o 

o 

o 



CO 

l- 

t- 

rH 

O 

b- CO 



CO 

(M 


CO 

CO 

CO 

CO 

o 

o 

rH 

rH 

rH CO 

rH 

CO 

rH 

rH 

rH 

o 

rH 


rH 

00 

O 

CO 

o 

C4 

O 

rH 

o 

o 

o 

JO 

O 

(M 

rH 

CO 

o 

CO 

o 

CO 

O 

JO 

o 

CO 

w 

o 

rH 

rH 

O 

•H 

CO 

o 

O 

O 

o 

o 

o 

o 

O 

O 

o 

o 

O 

o 

o 

O 

o 

rH 

CO 

o 

o 

CO 

rH 

O 

O 

rH 

CO 

rH 

o 

rH 

CO 

CO 

CO 


QO 

00 

t- 

o 

t- 

lO 

b- 

CO 

rH 

CO 

JO 


rH 

CO 




JO 

CO 



CO 





CO 

O 

b- 

1- 


a 

CO 

CO 

CO 


o 

CO 

CO 

b* 

CO 

M 

I'- 

JO 

CO 

rH 

rH 

Ol 


(M 


rH 

rH 

rH 

rH 

CO 

(N 

o 

rH 

rH 

O 

O 

o 

o 

o 

o 

O 

O 

O 

O 

o 

O 

o 

O 

© 


< 








HH 


CO 

CO 


LO 

00 

© 


CO 

CO 

© 

00 

© 

Cl 


<N 


rH 

rH 

rH 


m 

cj 







fa 

QJ 







X 

P 



© 





•*-» _ 

JO 

CO 

© 

Cl 

© 

© 


« a 

o 

JO 

© 

© 

© 

o 

15 

J2JO 

o 

o 

O 

o 

O 

o 

<5 
















pH 


o 

© 

rH 

© 

1- 

Cl 


1^ 

o 

o 

© 

© 

Cl 

-H 

15 

o 


O 

© 

© 


HH 

1 







PP 








T 

« 

M 















rH 


o\ 

© 

t- 

© 

rH 

b- 

j a 

CO 

© 

t- 

Ir 

© 

«-*( 

P 

P 

P 

1 p 

rH 

o 

rH 

rH 

<M 

Cl 


JO 

rH 

CO 

Cl 

10 

o 


1- 


Cl 

Cl 

© 

1- 


ci 

b- 

© 

I*- 

1- 




o 


P 


CO 

© 

rH 

rH 

LO 

O 

CO 

Cl 

JO 

o 

Cl 

© 

O 

'H 

Cl 

Cl 

O 

tH 

© 

LO 

b* 

1- 

I'-' 



rH 

© 

Cl 

JO 


-H 

CO 

Cl 

JO 

Cl 

rH 

rH 

rH 

© 

'H 

© 

o O 

o 

O 

Cl 

© 

rH 

Cl 

rH 


O 

JO 

CO 

CO 

LO 

o 

© 

1- © 

JO 

Cl 

l'- 

l'- 

1- 

rH 

CO 

CO 

b* 

© 

© 

C1 

rH 

rH 




b- 

© 

JO 

JO 

rH 

© 

© 

O 

-H 

rH 

rH 

b- 

© 

b- 


*-4 

© 


Cl 

Cl 

rH 

o 

O 

o 

O 

O 

o 


o 

© 


© 

© 

© 

© 

© 

JO 

LO 

CO 

CO 

© 

o 

rH 

Cl 

rH 

!> 

b- 

b- 

V- 

LO 


CO 

CO 

CO 

1- 



7/11 I ."0 '130 73 3 0 25-> 5 7 3 01 07 7 0 318 7 1 0 085 1 9 0 14 3 1 0 60 14 7 



i'PJi'SWJQVH I OVJTJ^ a OF FRFGFA A GY 

poilion of the iniaelennincd iniiogon jji ihcir cases of ‘'distuibed metab- 
olism Milhont simpioms’’ can peiliaps m some cases be accounted foi by 
the presence in tlie mine of significant quantities of hippunc acid Tins 
Mould be \ery likely on a Acgetaiinn diet Again, although Tolm has 
demonstrated that ^Tbc absolute quantity of undeteimined nitrogen de- 
creases uiidei tlie influence of the staieli and cream diet (jet) m pei cent 
to the total iiiliogen tlieic is ah\a}S an inciease/’ his oun tables sIiom 
that this does not iiecessaiil}'^ follow, Mlien the nitrogen is deci eased because 
of the admimstiation of some other dietary Tins is ivell shoum® in 
f'able 7 b} compaiing the figures for undeteimined nitiogen on March 
10 and Apiil L here lepioduced in Table o 

Altliough on Api li 1 the total lutiogen output is less than one-half 
that of March 10, the absolute and lelatne quantity of undetermined 
nitiogen for April 1 is grcatci and compaics fa\oiably with some of the 
figures repoited b-^ Ewing and Wolf 

TABLIl r.— UNDnxnnMlKKD MIKOGCX ON TWO SUCCESSIVE DATES 

Total N Undot N Undet N 

Gm Gm % 

Mixed A CRotarlan Diet, 3/10/~ 1" 0 0 GS 4 5 

Cereals and Bread lleducod, 4/1/ — 0 7 0 8S 13 2 

Email}, the CMdence fiiinislied by the lepoits of Stone, Bdgai, Ewing 
and Wolf fails to convince us that in pernicious vomiting of pregnancy 
urinal}'' anal} sis reveals eitliei suboMdation or deficient desamidation m 
the organism 

In the foregoing consideiaiions, we have attempted to show that per- 
centage A*alues alone may be of little lalne in the determination of 
W'^hethei a given urine is abnoimal A iheoiy, like that of Williams, for 
instance, that wdien the ammonia nitiogen leaches 10 to 15 per cent of 
the total nitrogen, the patient is m giave dangei, cannot be accepted as 
a diagnostic measure Employment of such a theoiy as a working hypoth- 
esis in the tieatment of pernicious vomiting Avili inevitably lead to enone 
ous conclusions Not only must one consider the peieentage value o 
urinary components, taking the total nitrogen output into account also, 
but of even greater significance is the absolute value of the different forms 
of nitrogen, and the normal, absolute and lelative variations possi e 
should receive due attention No figuies obtained in urinary anal} sis o 
this sort are of great signifiicance unless due consideiation has been ^iven 
to the amount and character of the food ingested 


20 Fohn, 0 Am Joui Physiol , 1005, ■viu, 108 



F. P. UNDERHILL— B F. BAND 


73 


We believe from tbe results thus far reported that urinary analysis 
gives no mdication as to the cause of pernicious vomitmg of pregnancy, 
and therefore cannot be regarded as a means of determmmg the patient’s 
condition so far as this is connected with, the disease itself 

A TENTATIVE THEORY TO ACCOUNT EOE THE COMPOSITION OE THE URINE 
IN PERNICIOUS VOMITING OE PREGNANCY 

Influence of Inanition on the Composition of the TJi me — From the 
data submitted by Williams and Ewmg and Wolf, together with our own 
experience, the conclusion has been forced on us that m pernicious vom- 
itmg of pregnancy no significant change occurs in the composition of the 
urme so long as the patient is able to retam a sufficient quantity of nour- 
ishment It IS our conviction that the lack of food will suffice to account 
for the urmary picture presented, and although previous mvestigators 
have in a measure given consideration to mamtion as a factor of impor- 
tance, yet we believe that insufficient attention has been devoted to it 
When comparison is made of the urmary findmgs m the two conditions, 
the similarity to be observed is most strikmg Inanition tends to change 
the absolute as weU as the relative quantities of urea nitrogen and 
ammonia nitrogen, and we have failed to discover m the cases of perni- 
cious vomitmg reported by previous investigators any more significant 
perversion than this The existence of deficient desamidation, as indi- 
cated by the high undetermined nitrogen, and emphasized by Ewmg and 
Wolf, has not been firmly established, and can be accounted for in part 
by the emploj^ment m its estimation of an maccurate method, in part 
by the non-consideration of creatm and hippuric acid, and by the fact 
that the existence of this perversion is apparent rather than real, smce too 
great reliance has been laid on the so-called normal ratios without due 
consideration of normal variations 

Ewmg, who IS the exponent of the deficient desamidation theory, 
inclines strongly to the view that the urmary findmgs presented by 
patients in simple inanition and in the pernicious vomitmg are quite 
distinct hTevertheless, he is able to enumerate only three differences, 
which have already been quoted m another part of this paper The three 
distinctions mdicated are high undetermmed nitrogen m the urine of 
pernicious vomiting, which does not obtain for the urme of manition, 
the inconstancy of acidosis, and the occurrence of high total ammonia 
vithout acidosis The existence of the first-named factor, high undeter- 
mmed nitrogen, has not in our opinion been established, as the previous 
discussion has mdicated It is presumed that bi the term ^^acidosis'’ the 
presence of the acetone compounds is meant m Ewing’s article Little 
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cominent is iiecc'^'^ai} on tins, niasmucli as at best its significance is slight, 
and its appcaiance in the nunc is govcincd cntiiely b} the chaTactei of 
the food iniako bioni the excellent icmcm bv Ewing of the literature 
on acidosis (acetone, etc ), it is appaient ihat this condition arises only 
in the absence of siifTicient caibob3diatc supply in the bod} Since no 
caiefnl snpei\ision of the dictaiy x\ns icpoiled in the cases of Euing and 
AA olf, its appcaiance, oi absence, should not be emphasized in indicating 
difieienccs beiucen the two t3pes of mine 

The third factor, the occuricncc of high total ammonia niihont acido- 
si';, IS woitb} of caicful con'^idciation In the first place, theie aie leiv 
few instances in the paper of Ewing and W*olf in which the ammonia is 
especiall} liigh. and in these cases theie xias noted the appearance of 
acetone bodies i\Ioieover, the obsciiation that acetone bodies are absent 
IS no pi oof that acidosis inaj not exist, ihat the liigh ammonia may not 
be united uith some other peihaiis hitheiio unconsideied acid, oi acids, 
uhich ma} be present in the uiinc of both simple inanition and in that 
of peinicious x’oiniting Indeed, one of us-^ has already shown that para- 
lactic acid in significant quantities may be isolated from the urine in per- 
nicious x’omiting, and in some unpublished experiments on prolonged 
starvation in man and in animals a zinc salt possessing tlie piopeities and 
chemical charactciistics of lactic acid has been obtained from the mine 
The obsei ration that lactic acid ma} occui in the urine in both inanition 
and peinicious vomiting, piesuinabl} m combination with ammonia, 
appeals to us to alloid evidence that the oiigm of the lactic acid in the 
two cases is identical, namely, arising as a icsult of inaniticn, and this 
may caiiy uith it the assumption that a part of the ammonia, at least 
in the two cases, is formed fiom identical processes In other words, there 
-is much to indicate that the high ammonia in pernicious vomitmg arises, 
not as a result of pathological changes in organs induced by this condition, 
but as a result of processes initiated by starvation AVe could also call 
attention to the possibility that hitherto little-considered acids, of which 
lactic IS one, may be sufficient to account for high ammonia content, both 

in starvation and in pernicious vomiting 

TheoieUcal GonsideraUons — Oni explanation for the mine pictme 
observed in pernicious vomiting is that inanition is the factor lesponsi e 
for the significant changes, i e, the low urea and high ammonia 
gen As has been shown above, we fail to find evidence of an} o le 
changes which can be regarded as established, or which can no 
accounted for So long as it is a possibility for the patient to retain a s 


21 Underhill Joui Biol Cliem , 1907, u, 485 
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cienl food-suiDplj’-, no peiveisions of the nrmaiy components occni Fur- 
thermore, when the ability to consume food is re-established, the unusual 
urinary finding is soon ruad^usted Changed relations m the output of 
the nitrogenous constituents of the mine may not be apparent for several 
days subsequent to abstinence from all food While it is true that a few 
days’ fasting may be followed by the appearance of significant quantities 
of acetone bodies in the urine, i e , acidosis, this phenomenon does not 
always accompany inanition of short duration This is to be explained on 
the assumption that so long as the organism retains stored carbohydrate 
material a urine normal in its nitrogenous composition may be excreted 
irrespective of the fat content of the body Although it is piobable that 
the acetone bodies are derived from fat metabolism, their appeal ance m 
the urine is facilitated by the absence of adequate carbohydrate-supply in 
the body. In inanition energy is required to maintain the physiological 
efficiency, and this need is preferably supplied from stored carbohydrate , 
therefore, in the absence of this material, fat is drawn on In the absence 
of carbohydrate, however, adipose tissue is difficult of combustion, but 
will yield a certain amount of the requisite energy. Besides the need of 
energy another nutritional necessity is the mamtenance of the sugar 
content of the blood, which, in all probability, fat cannot leadily yield 
The protein material may then be drawn on to furnish the carbohydrate 
and, incidentally, a portion of the energy This is accomplished by the 
demolition of the protein molecule, the assimilation ot the carbon moiety 
and the simultaneous cleavage of the nitrogenous portion into substances 
readily elimmated. In the demolition of the protem molecule lactic acid 
arises, the presence of which in the blood is the signal for the body to 
reestablish its normal reaction, which is accomplished by inteicepting 
ammonia salts on their way to undergo a transformation mto urea Such 
a process will account for a portion of the high ammonia nitrogen in the 
urine in botli pernicious vomiting and inanition The possibility tliat 
other acids having a similar origin may also be present is not excluded 
The earboh} drate store of the body is not immediately depleted, but may 
be accomplished only after several da3^s According to this view caibo- 
hj drate-supply m the organism determmes in large measure the occur- 
rence of acidosis, 1 e , Ingh ammoma content m the urme As soon, how- 
evei, as the protein of the body is drawn on to furmsh carbohydiate, 
acidosis makes its appearance This explains the difficult}’^ of inducing 
acidosis m dogs by inanition alone The dog, as is well recognized, is 
capable of mamtammg a glycogen store over an extended period So 
long as glycogen is present in the tissues of this animal, there is no 
evidence of acidosis^ but if gheogen is made to disappear by the admin- 
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istration ol phloriiidzm aradous occurs == II is not assumed, however 
ihai fat metabolism is ^wthout influence in the production of acidosis' 
Indeed, m all probability, the combustion of adipose tissue may be 
assumed to be responsible for a large portion of the observed acidosis, 
especial]} in persons uitli much adipose tissue, but it is piobable that 
this type of acidosis is also much more pronounced in the absence of 
siifiieient carboli} drate In emaciated indiiiduals, boiiever, it cannot be 
assumed to phaj such a prominent role We would lay emphasis on the 
attempt of the body to obtain the lecjuisite energ}’^ from protein as a 
source of acidosis (high ammonia) in lean indmduals In this attitude 
we diffei from the u ork of Scholten and the theory of Wolf According 
to the latter, acidosis occurs onl} in fatt}' subjects, and a subject starved 
even to emaciation does not give evidence of acidosis This statement 
emanaies from the u ork of Briigsch Uis subject, according to Wolf, 
“had received no nourishment for forty dajs” In the original article, 
the facts are stated as follou s * 

“Seit Anfang jN'ovember liatle sie sicli von ^ litei dunnei Mileli pro 
Tag und 5 Eier in dei Woelie einahrt, die letzten 9 Tage voi ilirer Auf- 
nahme hatte sic uberhaupt nichts mebi liinunteibiingen konnen, niebt 
einen Schluclc Wassei ” Although this diet might well lead to emaciation, 
it IS possible that it u as sufficient to prevent decomposition of tissue pro- 
tein to an Gvdent necessitating an increased ammonia output The peiiod 
of actual staivation was only nine days, uhich would not necessarily pro- 
duce depletion of caiboliydrate stoie in a woman of such small body 
weight 

On the other hand, if the uiinaiy findings aie the direct outcome of 
the pathologic condition itself m the acute cases in wdiich stanation has 
not become a prominent factor, the iirmary ratios should be maikedly 
distorted In the cases reported so little attention has been paid to the 
influence of diet that one is unable to render a satisfactory decision 
as to the specific influence the pathologic condition itself may have on the 
urme In our personal experience, wm have never seen a case of pernicious 
vomiting in wdiieh any of the nitrogen ratios were distorted so long as a 
reasonable quantity of food was retained Tire mere statement that the 
stomach retained almost nothing^-’ is extremely indefinite If our expla- 
nation of the significance of the reported perversions of the urinaiy con- 
stituents m pernicious vomiting is correct, the administration of carbo- 
hydrate-suppty in these cases should be followed by a readjustment o 


22 Marum Beiti z chem Physiol , 1907, x, 105 

23 Wolf New York Med Jour, 1908, Ivxxiii, 813 

24 Brugseh Zfschi f evper Path and Theiap 1905, i, 419 
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the distorted nitrogenous values ivitliont necessarily inlinencing the vom- 
iting On the other hand, if the cause underlying the inception of the 
vomiting IS lesponsible for the urmary changes, supplymg carbohydiate 
to the body should be without influence on the urine pictuie 

Expenmental Results — ^In the following pages are given the lesults 
of an attempt to test the tenability of the hypothesis advanced above The 
reports here submitted are not offered as positive proof of the correctness 
of our theory, but the outcome in these cases has been so encouraging that 
the data are given in order that others, whose opportunity of studying 
this condition is greater than our own, may also put our hypothesis to the 
test According to our belief, the importance of estimating different 
forms of urinary nitrogen in pernicious vomitmg lies in the knowledge 
it may impart concerning the nutritive condition of the patient, and its 
value ceases at this point Moreover, we believe that the determination 
of total nitrogen and ammonia nitrogen, together with the estimation of 
creatmin and creatin, is of much greater value (since the methods em- 
ployed are accurate) in followmg the nutritive condition of the patient 
than the more elaborate plan suggested by Ewing and Wolf, in which 
errors are much more likely to creep in and in which undetermined 
nitrogen may play a misleading rdle Slight errors in urea estimation, 
for instance, may give rise to high undetermined nitrogen, since an 
error in urea deteimination must be multiplied many times In the cases 
to be reported only those of the chronic type are considered All urines 
weie preserved with toluene 

Case 1 — A , multipara, about six weeks pregnant, first seen Febiuaiy 15, 
bad suffered from persistent nausea and vomiting since February 8 In this 
interval all food swallowed was promptly regurgitated This attack was the third 
of a similar nature, the two previous seizures terminating only on emptying the 
uterus Attempts to feed were unsuccessful and patient was removed to the 
hospital February 22 The urinary analyses are given in Table 6 and the fuither 
treatment of case in the appended clinical repoit 

Discussion of Urinaiy Findings — ^Reference to the urinaiy analvses 
made on Eebruary 33 reveal no perversion of any of the constituents 
deteimined, and yet vomitmg and nausea had been present to the extent 
that practically complete starvation obtained Had no further urmary 
analyses been made, one would have been justified in assunung that this 
particular case belonged to the neurotic or reflex iy^e of Williams, and 
hence was not of a serious character These particular findings emphasize 
the necessity, for correct diagnosis, of analyzing the urines of consecutive 
da3s and not depending on the results obtained at long mtervals of time 
i^Iay it not also be possible that m some of the cases reported by Williams 
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tlie failine of the mine to sho^^ Ingli nminonia content was due to the 
fact tliat inanition had not been of sufficicnlly long duration or was 
incomplete ^ 

Aeidosi‘5— High Ammonia The iirniai\ analysis m Table 6 up to 
Fcbiuai} 23 al=o shons that the ineie abstinence from food foi man^ 
days does not uccG'!sarily provoke a signiticant acidosis (high ammonia), 
even tliough the body mn) bo in a fan state of mitiition and adipose 
tissue pj esent In oin opinion the picsenec of fat pci se does not neces- 
sanly play a directing role in the determination of uiinar}' changes It 
is to the presence or absence of caiboindiate store m the organism that 
\\e must look foi the factor dcieimiiiing nitiogenous changes In 
the stalling oiganism but little change nia} be detected m the nitrogen- 
ous uiinai} constituents so long a*? the caibolndrate stoic is not depleted, 
and, in our opinion, this docs not liapjien so rapidh' as has been assumed 
The sudden laige inciease in ainnionia nitrogen on February 23 is to be 
explained as the result of the practicall} complete disappeaiance of glyco- 
gen The high ammonia content is to be explained in pait as origmatmg 
from the perverted fat metabolism, and in pait from combination uith 
such compounds as lactic acid the lattci arising fiom piotein decomposi- 
tion On the other hand, it may be possible that the liver is unable to 
foim urea fiom ammonium salts in the absence of caibohydratey® and 
that these salts are excreted m the mine with substances, organic acids, 
which are lelatively non-toxic, and which the organism readily furnishes 
on demand Whichevei condition obtains, it is obvious that the presence 
of cai boll} di ate is the pivot on uhich the whole reaction turns Hot 
only IS lactic acid pi esent in the urine, but acetone, diacetic acid and 
oxybiitync acids were demonstrated, the latter, however, falling short of 
the quantit}’’ necessary to account for all the ammonia, an observation 
which has also been noted foi inanition If carbohydiate is the detei- 
mining factor in the production of high ammonia content of the mine, 
the oigamsm when supplied ivith this mateiial should so readjust its 
metabolic processes that noimal, oi approximate!}^ normal, conditions 
should prevail for a time at least If, how’^ever, the ammonia content of 
the urine is an evidence that the liver is out of function as a lesult of 
irxemedial lesions, supplying eaibohj^drate to the body should not affect 
the ammonia output in the mine 

Influence of Carbohydrate on Urinary Picture In our cases, carbo- 
hydrate was administered as rectal enemata by the Murphy drop method 
Our jmrpose in supplying carbohydrate was twofold first, to test the 
hypothesis just given, and, second, to supply easity assimilated nutri- 


25 Fadei Ztschi f Biol, 1877, \m, 256 
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ment, because ue have become convinced that the lectal administration of 
albumin water is of little value for the reason that in all probability very 
little IS absorbed, and, fai more important, it is not piotein that the 
body needs. Energ^^ is needed and fiom a source that requires but little 
effoit foi its assimilation, and dextiosc answers this requiiement fully 
Not only does the oiganisin requiie mateiial vhicli is leadily trans- 
foimed into energ), but inoiganic salts are also a iital necessit}' for the 
proper accomplishment of the bodily functions, and this requisite cannot 
be met b} the administiation of the usual saline enemas The fluid which 
IS peihaps best calculated to furnish the light pioportions and kinds of 
inorganic elements is milk, and accoidingly vhey has been introduced in 
the dextrose diip A certain small quantit} of soluble piotem was thus 
also given an oppoitunity for absorption Although from Eebruaiy 24. to 
February 28 dextiose was administeied, no impression vas apparently 
made on the urinary ammonia output On February 28 dextiose was 
unfoitunately omitted and the urine vas not preserved and feimented 
Beginning March 1 ex ti erne care was taken vith the rectal feeding and 
300 giams of dextrose veie admmisteied Assuming that all was 
absorbed, uhich is not probable, the calorific value yielded by this amount 
of sugar should have made some impression on the ammonia output pro- 
vided our hypothesis was collect, and, indeed, there is to be observed on 
this day a significant fall m the total quantity eliminated, which is also 
true relatively. It is also of interest to note the tendency toward a less- 
ened excretion of total nitrogen, which was, however, much more pro- 
noimced on the next day, March 2 On this day also the total ammonia 
nitrogen underwent a large deciease, although relatively it was greatei 
than on March 1, which simply illustrates the fallacy of dependmg for 
diagnosis merely on percentage values The contmued administiation of 
the rectal enemas on March 3 and 4 resulted m a still furthei diminution 
of the total ammoma nitrogen elimination, after winch date the ammonia 
nitrogen output remained high in spite of the lectal feeding The reduc- 
tion of the absolute ammonia nitrogen from 2 46 grams to 0 67 gram 
(relatively 41 to 20 per cent ), in our opimon, is mdicative of the tenabil- 
ity of our hypothesis, namely, that the lack of carbohydrate is responsible 
for the high ammonia content of the urine in pernicious vomitmg (This 
will also probably explain the high ammonia in diabetes ) If lesions in 
the liver were the cause^ it is difidcult to understand how mere administra- 
tion of carbohydrate could enable the hepatic cells to functionate nor- 
mally It may be objected that the salts supplied by the whey introduced 
replaced the ammonia which ivas previously combined with the organic 
acids The answer to this may be obtained in part bj’’ noting that pre 
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vious to the mtioductioii of the ammoma nitrogen output had 

alieady begun to decrease, and in part by the fact that the quantity of 
organic acids in the urine during this short period had become insignifi- 
cant In other -words, the ammonia nitrogen output behaved in exactly 
the manner that one "would expect if the case "were simple inanition The 
inability of the oiganism to maintain a lo-w total ammonia nitrogen out- 
put IS explicable if one assumes that the rectal food was no longer 
absorbed m the same degree, or that as inanition progressed the energy 
need "was correspondingly greater and could not be supplied by the quanti- 
ties introduced, in other words, that no glycogen could be formed The 
patient finally became so weak and emaciated that abortion was per- 
formed on March 13, shortly after which food was eaten in sufficient 
quantity to exert an appreciable mfluence on the ammonia nitrogen 
Eecovery was uneventful and the urme soon assumed its normal quantity 
of ammonia nitrogen Concerning the creatinin and creatm output, little 
can be said The variations m the absolute total creatinin elimination 
were quite large and relatively there was an increase as the total nitrogen 
elimmation decreased, which also obtams normally Creatm appeared 
m the urine at times in significant quantities, which may also probably 
be regarded as an evidence of inanition 

Acetone Bodies. The acetone bodies, acetone, diacetic acid and 0 x 3 '- 
but 3 ric acid were constant constituents of the urine from February 23, 
but the quantity of these substances present did not appear to bear a 
definite relation to the ammonia eliminated Oxybutyric acid was identi- 
fied by its distillation as crotonic acid, the melting-pomt of which was 
determmed Oui results difl!er from those of "Williams, who reports that 
^^acetone, diacetic acid and oxybut 3 'ric, and allied substances were not 
present in the urine 

Case 2 — ^Elrs T, primipara, about t\\o and one-half months pregnant when 
admitted to hospital, had been nauseated for about one month, during the last 
two weeks of which nearly everything eaten had been vomited For the week 
pi evious to entrance to hospital nothing had been retained 

Discussion — The details of the urinary analyses are given in Table 
7 It will be observed that for the first three da 3 "B on which the urine 
was examined the total nitrogen was high when it is considered that no 
food was retamed, and this was taken as an indication that the body 
tissue was bemg catabolized to furnish the requisite energ}’. Persistent 

26 Benedict Influence of Inanition on Metabolism 1907 Carnegie Institute, 
Washington 

27 Williams Johns Hopkins Hosp Bull , 1906, wiii, 79 
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endeavors to retain food were finally snccessful on April 10, altliongli 
caie was necessary in its administiation 

Infiuence of Tood on Urine Picture Tlie effect of taking even tlie 
limited amonnt of nonrisliment on April 10 is at once seen in the output 
of total nitiogen for April 11 Such, a decrease in the elimination of 
total nitrogen may be fairly regarded as an evidence of decreased catabol- 
ism undoubtedly resulting from the administration of a certain supplv 
of eneigy from outside sources This low nitrogen output was fairly well 
maintained so long as the patient was under observation The ammonia 
nitrogen elimination for the first few days was high, both relatively and 
absolutely, and even though the absolute value fell in correspondence with 
the total nitrogen the relative value for the first day or two following 
significant food intake remamed high, but quickly showed a tendency 
to regain the normal Creatin was present in the urine thioughout 
until a full diet was taken, but there was a tendency for the quantity 
present to diminish as soon as a noticeable food intake was inaugurated 
According to our view, then, the perverted urinary nitrogen values to be 
observed in tins case are but evidences of an insufficiency of energy- 
pi oducing substances and cannot be regarded as indicative of any hepatic 
lesions, even though jaundice was present If the liver were so badly 
damaged, why did it so rapidly acquire the property of performing its 
functions normally when food was given ^ Prom the fact that the patient 
was finally able to retain food it might be assumed that this case should 
be included under the reflex or neurotic tj^pe of Williams If tlie vomit- 
ing observed was either of these orders, why should the ammonia nitrogen 
be high’ Por Williams says ‘hn reflex and neurotic vomiting there are 
no manifest changes in the urine We believe, however, that any type 
of vomiting of pregnancy will show the same perverted uiinary nitrogen 
values provided food is rejected sufficiently long 

Case 3 — Feigned Pernicious VomiUng — ^To demonstrate this point a case 
may he cited in -which little evidence could be gained that pernicious vomiting was 
present Patient 3, primipara, -was about three months pregnant, and unmairied 
On admission to hospital she -vias markedly emaciated and all food was refused 
Vomiting occuried but rarely, and then only when the patient was alone once 
she was detected with hei fingers inserted in her throat in an endeavor to lomit 
Apparently her object was to feign pernicious ^omltlng of pregnancy in the hope 
that abortion would he performed, and thus disgrace avoided Her recoiery was 
rapid as soon as she received a promise of marriage from the one responsible 
foi hei condition and eientually she was dclnered of a healthy child 

Without doubt her emaciation was simply a result of voluntaiy stai- 
vation in order to escape pregnancy and jet the urine with a nitrogen 

28 Williams Johns Hopkins Hosp Bull 190G. xi n, 90 



pn^mcjous roMJTiKa of pffgnakoy 

output of 6 43 giaius contained 2 15 giams of ammonia nitrogen, or 33 
pei cent, on Apiil 4, 1908, and again on April 6 the total nitrogen was 
4 40 giams and the ammonia conieni 1 giam, or 234 per cent In the 
iniciim of these tuo analyses food was persistently urged on the patient, 
resulting in a diminislied mhogeii output and a greater decrease in 
ammonia nitiogen Somewhat later uiiiiaiy analysis showed a perfectly 
noimal output of ammonia and total nitrogen In the hospital lecords 
this case v> as called ^^neurotic ” If Williams’ classification is correct, why 
uas the ammonia nitiogon so abnoimally high’ According to our view, 
the iiiinai} pictuic uas merely an eiidcncc of starvation 

C'ASr 4 — Hio patient, a pnnupara was in the third niontli of piegnancy i\hen 
admitted to ho'^pital hor two weeks prcMon"? there liad been nausea followed 
hy \onutinp 'Jhere was constant distress in the region of the stomach The 
patient was well noiuislied The urinnij nnahsis is shown in Table S 

Discussion — The picture picscnted here is stnlangly similar to that 
of Case 2 As in that example foi the first few dajs subsequent to admis- 
sion to the hospital when the food intake w'as practically ml, the total 
niti’ogen was high, indicating, accoiding to our theory, an endeavor on 
the pait of the oiganism to furnish onerg}’’ fiom its protein store The 
correctness of this hypothesis would appear to be indicated by the sharp 
and sudden fall m nitrogen output immediately followang a fair inges- 
tion of food iich in carbohydrate, and this low level was mamtained 
fairly w'ell so long as the urinary analysis was made. It will be observed 
that no attempt was made to give the patient any significant quantity of 
protein, since it is oui belief that m conditions of weakened vitalily of 
this soit the supply of nitrogen is a secondary consideration, foi the 
body is w^ell able to furnish the small amount of this element actually 
needed for nutritional ihythm and it is piobably accomplished readil}’’ 
Consideiation of the ammonia nitrogen elimination slioivs a gradual 
steady decrease, which was initiated with the intake of carbohydrate-nch 
food Tins deciease in ammonia nitrogen output can hardly be explamed 
in any othei way, since the vomiting persisted for several da 3 ^s after food 
was first given Even on the assumption that the hepatic lesions were 
sufficient to call forth such an abnoimally high absolute output of ammo- 
nia nitrogen, it is hard to conceive how it w'ould be possible for the dam- 
aged cells to functionate so readily even though cessation of vomiting was 
established If this h 3 'pothesis w'ere probable, it is at least a striking 
coincidence that the re-establishment of normal hepatic functions should 
be simultaneous wuth the ingestion of the food The best proof agamst 
tins view, how^ever, is to be found in Case 1 in which the ammonia nitio- 
gen was greatly decreased without an 3 '' influenee on the vomiting 3Iore- 
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PJJR'NIOIOVS VOMITJKG OP FREGNANGT 


o^e]; the li^ei cellfe iini=5i ])a\e boon almost oomplotel) clisoigani/ed to 
lane been imablc to peifoini Ibeii function of forming niea, for Jackson 
and Peaice^'’ and IJndeibill and Kleinei'’" ba\e <^hov:ii the gieat difBculti 
of attaining tins object bj the piodnclion of cxpeiimental hepatic lesions 
It is onh Allien piaetically all the Inei cells aie destiojed that any abnoi- 
lnallt^ in nica foiination is to be ob'^encd The piosence of a fciv edit, 
IS appaieiith ‘;iifiifient to can} on tins function, and the lecoided obser- 
iation‘5 bale tended to enipbasi/e tins as one of the iiiaiij faetois of 
safeti to be found in the body On the otbci band, abstinence fiom food 
leadih induces a peneision in uica foiination, paiticularly ivlien the 
caibobidiate stoic of the bodj is Ion It is piobable, tbeiefoie, that the 
peiieision in uiea foiination found in inanition should also be regaided 
as a factoi of ‘^afeti, the function of iilncb is to niamtam an equilibrium 
bctiieen the acids and ba'jcs of the body AVitb one or tiio exceptions, the 
absolute quantit} of cieatinin mitogen excieted in Case 4 nas leniarkablj 
constant, but the iclatnc \alucs ncie quite vaiiable Creatin nitrogen, 
on the other band, dioued little legulaiity of elimination As soon as 
food ua‘5 intiodueed into the bod> a tcndenc}" toward a diminution in 
cieatin excretion iias obsei\ed Since the food consisted in laige measure 
of caibobydiate, it is obvious that tins foodstuff is capable of causing 
such an action Indeed in some unpublished expeiiments by one of us 
(Undeibill) and W C Pose, it has been sbonn that creatin in the urine 
of fasting labbits can be made to disappear lapidly by administiation of 


sugai 

Fiom the bebaMOi of the in me in the few examples of loniitmg of 
piegnancy beie submitted, we feel justified in offering the lij’potliesis pie- 
viou«ly outlined, namelj, that the pei veiled nitrogen latios which occur 
can be legaided only as eiidences of lack of eneigj-pioducing materials, 
caibobjdiates, and that so long as sufiicieut caibohjdrate is administered 
no such pel vei Sion will occui The deteimination of these latios is, 
theiefoie, of value, not as a means of diagnosing the piogiess oi seventy 
of the pathological condition, but as an index of the nutiitive condition 


of the body 

Relation of InaniLion to Simciinal Changes in the Livei Wliile it 
is entiielj without oui piovince to attempt to explain the etiology of 
pernicious lomiting, ■>et since so much emphasis has been laid on the 
role plaj^ed by the liver m this connection it is not out of place to inquiie 
what influence starvation exeits on the celJulai stiuctuie of this oigan 


Does starvation joroduee pathological changes'^ In an investigation with 


20 Jackson and Peaice Join Expei Med, 1907, j\, 552 
30 Undeihill and Klemei Joui Biol Clieni 1908, iv, 105 
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Mr. "W C Eose, rabbits w'ere alloiied to die fiom mamtioii The livers 
of some of these animals showed "a marked focal necrosis, reminding one 
almost of what is seen in intoxication with hemagglntmins So far as 
we are aware, there is practically no literature on tins point, and, in 
view of the above results on normal animals, it may be inferred, perhaps, 
that a part of the pathological changes observed in the liver in pernicious 
vomiting can be explained as a result of disordered nutrition due to 
starvation, which must pla}’^ a prominent role in the prolonged cases 
From both the chemical and anatomical viewpoints, therefore, starvation 
IS a factor m pernicious vomiting to which more attention should be paid 
before ascribing to other less well-lmown processes positions of greater 
prominence. 

COXCLUSIONS 

Contrary to the opinions expressed by Stone, Edgar, and Ewing and 
Wolf, a critical review of the literature relative to the composition of 
the urine in pernicious vomiting of pregnancy fails to reveal adequate 
evidence of either suboxidation or deficient desamidation A difierent 
interpretation has been made of the results obtamed by the above investi- 
gators. ' 

The composition of the urine in pernicious vomiting is strikingly 
similar to that which obtains in the urme elimmated during mamtion In 
both instances the characteristic perversions are changed relations m the 
excretion of urea and ammonia and at times in the output of creatinm 
and creatm Othei changes previously leported in the nitrogen output 
have not been fiimly established The determination of nitrogen, 
ammonia, creatinm and cieatin m pernicious vomitmg is believed to be 
of greater value than the more elaborate plan suggested by others, inas- 
much as the methods to be emplojed aie accuiate 

It is suggested that the changes observed m the urme in pernicious 
vomitmg of pregnancy are mduced by the accompanying inanition Evi- 
dence tendino; to substantiate this view is furnished bv the observation 
that the pei verted urinary nitrogen relations rapidly resume the normal 
on administration of food without necessarily exertmg any mfluence on 
the pathological state of the patient 

In peimcious vomitmg of pregnanc} where inanition is a significant 
factoi. the administration of eneig}*-5ieldmg foodstuffs is of greater 
1 alue than the giving of foods rich m nitrogen The body i« capable of 
furnishing the small quantity of nitrogen requi'^ite for nutritional 

31 Keport from Dr IT Gideon lYells of the Uni\crsitv of Chicago to ^^hom 
\\c are iindei obliganon== for the histological examination of the ti=5ues of the=e 
animals 
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PER2^U0I0US VOMITING OF PREGNANCY 

iliyihm, but, in tbo absence of caiboliydrate, eneigy-yieldmg substances 
present in tlie body are difficult of iitiliration It is, therefore, suggested 
that the emplojunent of enemas of dextiose solutions by the Murphy drop 
method is a more rational proceeding m this and related conditions than 
attempts to administer the usual albumm solution, which in all prob- 
ability is not absoibed and foi which the body has lelatively little need 

Carboh-^diate supply is apparently the factor determining the rela- 
tive output of urea and ammonia, since in pernicious vomiting of preg- 
nancy, as in inanition, the administiation of this substance by mouth or 
by lectal enemas is followed b} a distinct tendency toward a lesumption 
of the normal elimination of these compounds 

CLINICAL REPORT (iN ^IBSTRACT) OF FOUR CASES OF YOJIITING OF 

PREGNANCY 

Casg 1 — Patient is a Jevess, aged 25, blonde, fourth pregnancy Complaint 
Kausea and lomitmg 

Eistoiy — ^Tlie patient vas alwajs well c-veept for tvo previous attacks of 
se\eie nausea and lomiting of pregnanci, necessitating abortion Onset of the 
menses occurred at 13 jears, regular and normal The patient uas married in 
1903, had one child, born one 3 cai later She had seiere nausea and vomiting in 
the earl 3 ' months of this pregnancy, but not ncarlj’^ so severe as in the subsequent 
pregnancies She was delnercd at term of a hcalthj child, now living and well 
In the winter of 1905-00 she was pregnant for the second time and had such severe 
nausea and vomiting that she was sent to the New' Haven Hospital, where the 
uterus was emptied The case was classed clinically as pernicious vomiting of 
pregnancy On August 5, 1907, she was again admitted to the hospital on account 
of \omiting in her third pregnancy At this time she was about si\. weeks preg- 
nant and had been vomiting for three weeks She vomited all food and liquids, 
including water, taken by mouth, and Aomitcd also, independent of the taking of 
food On admission the ammonia nitrogen was 2 73 gm , or 40 7 per cent of total 
nitrogen This decreased steadily while under observation until August 12, when 
the figures w ere 1 85 gm ( 20 per cent ) Normal saline, egg albumin, and pep 
tonized milk were given per rectum During this period, however, the general 
condition of the patient steadily grew' w'orse, her pulse became more rapid and 
weak, lips and tongue dry', cracked and coated, bieatli fetid, mental condition bad, 
and the skin took on a yellow'ish tinge The uterus was emptied August 13, four 
weeks after onset of vomiting The patient improved rapidly after the opeiation 
and insisted on leaving the hospital on the tenth day', when she w'as in fair gen- 
eral condition 

Present Illness — ^Last menses Dec 31, 1908 Onset of nausea and vomiting 
February 8, 1909 The patient was first seen February 15, has eaten practically 
nothing for the past week as everything swallowed distresses her and is vomite 
She vomits tw'o or three times daily independent of the taking of food 

Exannnation — Well-nourished, well-developed young woman, skin and mucous 
membranes fair color, tongue clean and moist Temperature 97 4 Pulse , 
regular, fan volume and tension Chest and abdomen negative Good perineim, 
cervix soft, large, slight bilateral laceration, body of uterus enlarged and retro- 
veited Retroversion leadily coirected 
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Treatment and Gowse of Disease — For two dajs tliere w’as a slight deciease 
in the nausea and vomiting, only to he followed hy a peiiod of sevcie vomiting 
and retching Attempts at feeding Mere unsuccessful Patient sent to hospital 
February 22 Saline diop enema (pei lectum) was given for two days, then 
from Fehruaiy 24 to March 1 the patient was given 1,500 cc of a 15 per cent 
dextrose solution every twenty-foui houis, by the drop method, in addition to 
about 300 c c of saline Fioni Maich 2 to March 13, 1,000 cc of 30 per cent 
dextrose and 1,000 cc of whey v'eie given each day During the first week in 
the hospital the mine inci eased maikedly in amount, theie v’as a slight impiove 
nient in the patient’s geneial condition, she Avas moie chceiful and hopeful of 
completing hei piegnancj'^ Hie vomiting continued but ivas not soveie Nothing 
but a little watei ivas gnen by mouth and this was occasionally retained Bj 
March 3 the mine again became maikedly diminished in amount in spite of the 
fact that the patient received and letained an abundance of fluid pei rectum 
Fiom Maich 4 a giadual failure in lier condition could be noted fiom day to 
day She became apathetic, hei pulse inci eased in late and became of pooi 
quality The skin took on a yellowish tinge On Maich 8 hei lips iveie diy and 
cracked and the gums iveie beginning to bleed a little Bv Maich 13 hei lips 
and teeth weie coveied with bloody soides and her condition had become so 
seiious that the uteius ivas emptied, fiie weeks aftei onset of vomiting Hei 
tempeiature ivas normal thioiighout this peiiod and hei pulse cmve show'ed a 
giadual rise from 80 on entiance to 110 on the 11th, 12th, and 13th Kespiration 
20 throughout The vomiting ceased immediately altei the operation and theie 
was a noticeable improvement in hei condition in twenty-four hours She toolc 
nouiishment by mouth on the following day, ate a poached egg on toast on the 
third day, and made a rapid convalescence, leaving the hospital Apiil 1 in good 
condition 

Case 2 — ^Patient was a biunette, aged 25 Complaint vomiting 

Eistoiy — ^The patient was born in the United States of French paients She 
had measles and mumps as a child, no other illness, was always well and strong, 
habitually constipated, does not use alcohol Menses began at 13 years, always 
legular and normal The patient had been mariied one year, this was hei first 
pregnancy Last menstruation Januiiy 20, 1909 

Piesent Illness — ^About February 20 the patient began to ha\e morning nau- 
sea and frontal headaches, vomited laiely This continued for about three weeks 
and then ceased entirely On IMaich 22, nausea and vomiting began again with 
increased seventy In the course of a week she w'as unable to keep anything on 
her stomach She w'as admitted to the hospital April 5, 1909 No food has been 
retained for over a week, lost twenty pounds in Aveight in last two months 
Urine decreased in amount 

Examination — On entrance Young woman, w^ell dei eloped, fairly well nour- 
ished, skin rather flabby and with a slight yellow tinge, sclei£E distinctly yellow, 
tongue clean and moist Abdomen soft, not distended, slightly tender in hypo- 
gastiic region and over Bloodgood’s point Lnei dulness extends from fourth 
rib to a point 4 cm above costal margin in nipple line Gall-bladder not pal- 
pable No tenderness along light costal margin, oi in epigastiium Fundus of 
uterus 3 5 cm above sj niphysis No edema of feet oi legs Eeflexcs normal 

Treatment and Course of Disease — Patient loniited six to three times a da> 
for the first ten days in the hospital, then once a day for a few days and aftei 
that not at all Pulse was rapid (140 to IIG) and weak for scAen or eight days, 
then fell to 100 and to SO Temperature and respirations normal throughout 
She was lery nervous and restless at fir^t and moiphin was neeessarj' for twelve 
dais to induce sleep Stools noinial color at all times Albumin water was gnen 
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by mouth at first in small quantities at frequent intervals and retained Food 
was gradually inei cased Gruels, bioths, etc, were soon taken and at the end 
of tlie second week she ate a chop Saline enemas were given from the start 
The patient had a marked antipathy fot sweet things and it was impossible to 
feed her sugar, dcvtiosc oi lactose. E\cn plain water tasted sweet and nauseated 
her Caibonatcd waters, cream of tartar waters, and oiange juice were well 
taken Stiychnm and chloictone were gnen from the stait Her bowels weie 
inoAcd at first by calomel, after that sodium phosphate in dram doses t i d 
acted well as a Ia\ative The jaundice disappeared by the end of the second 
week and the patient made a good rccoicry, leaving the liospital May 8 in good 
condition She took a general ward diet during the last two weeks of her staj 

Case 3 — Patient is of American paicntagc, aged 34, blonde, primipara, uii 
niatncd Complaint vomiting 

TTisioiy — ^Ihe patient had diseases of childhood, fieqiient attacks of chills 
and fcier from giilliood Diphtheria one jear ago, grippe two months ago She 
gencially lias fair healtli, but usually constipated Onset of menses ocemred at 
14 3 ears, regular, normal 

Present Illness — Last menses occuircd December IG Onset of nausea and 
vomiting about Fcbiuaij 22 Vomiting occuis light after eating and also indc 
pendent of the taking of food Hioiigh she has been vomiting but two or three 
times daily she has taken so little food that she has become very thin and weak 
Vomiting IS fiequcntlj" followed bj severe retching 

ExaimnaUon — On admission to the hospital March 22, patient was maikedly 
emaciated, voice weak and high-pitched Tempcratuic 99, pulse 98, poor qual- 
ity, respirations 24 Skin and mucous membianes pale, tongue coated, bicatli 
fetid Urine deci eased in amount, tiaco of albumin, high percentage of ammonia 
nitrogen ( 33 per cent ) , no casts She is constipated Uterus enlarged to about 
size of three months pregnancj 

T)catmc 7 it and Course of Disease — In spite of the seriousness of the 
patient’s condition and of the urinary findings, it was felt that tins was 
not a case of pernicious v'omiting It should be noted that the pregnancy 
was very unwelcome and the patient wms an\ious to have an abortion in- 
duced Further, she believ^ed that this w ould be done if her condition 
became serious There was a strong suspicion that she had deliberatelj 
starved herself in older to attain her wish in the mattci Under a strict 
iCgime theie vvms a slow but piogiessive improvement in the patient’s con- 
dition Vomiting occurred but once a day during the Hist week of her stay m 
the hospital and then only when she was alone Finally she was caught with 
her finger in her throat Vomiting ceased entirely shortly after this In siv 
weeks she was taking a satisfactorj'^ amount of nourishment and had gained suf- 
ficiently in strength to get up and out of doors The patient left the hospital 
in fail condition in May The fuithcr course of her pregnancy was uneventful 
and she was delivered at term of a healthy child Small amounts of albumin in 
water and milk w'ere given at first, there was gradual increase of these with 
addition of jellies and gruels, etc , until she paitook of a general diet Medicines 
given were chloretone, gr 1, t i d , laxatives as needed 

Case 4 — ^The patient is a brunette, aged 30, of American parentage 

History — ^The patient had diseases of childhood only , was usually constipated 
The menses began at 13 years, regular, some dysmenorrhea The patient has 
been man red three years , this is her first pregnancy , last menstruation January 
19 She was admitted to the hospital March 17 
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Piescnt Illness — Onset of seveie nausea occuiied about two weeks ago, ac- 
companied in a few days by vomiting after eating Since onset patient has had 
a constant feeling of distress in epigastrium, nearly constant nausea, and for 
ten days she has vomited after neaily every attempt to take food Appetite is 
very pool, bowels irregulai and constipated Foi two days before admission she 
A’omited all food and seveial times lomited betueen attempts at eating 

ExaminaHon — On admission Well-developed, well-nourished young woman 
Tlie skin and mucous membiane of good color Tongue ivith grayish coating doivn 
center, maigiiis cleai Ileait and lungs negative Abdomen soft, not distended, 
somewhat tendei in epigastiium Liver dulness fioni fourth rib to costal margin 
Slight edema above ankles Patella iefleA.es exaggeiated Temperature 97 0 
Pulse 80, legular fan lolume, easily compressed Kespirations 20 

Tieatment and Com sc of Disease — The patient Avas distiessed by nausea and 
Aomiting foi the fust Aveek of hei stav in the hospital, but managed to retain an 
increasing amount of iiouiishment Aftei this the vomiting piactically ceased, 
though the nausea continued foi tA\o AA'eeks longei The patient Avas given albu- 
min Avater, clam bioth, a mineial Avater and giiigei ale in small amounts foi siv 
days On Maicli 23, she took 2 ounces of giuel Avitli % ounce of milk sugar, 3 
ounces of oystei stcAv, and G ounces of albumin AA^atei Inci easing amounts of 
earbohydiates Avere giadually added to this diet Aftei Apiil 4 the diet Avas a 
pietty geneial one, though limited in amount The patient’s appetite Aias fan 
and food Avas lelished She made a sIoaa but uneA^entful recoAeiy and left the 
hospital Apiil 29 m good condition 

91 Clark Stieet 24G Chinch Street 
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Of the vaiious caidiac iiiegulaiities pioduced experimentally by digi- 
talis, the earliest to appear m most instances is an occasional omission of 
ventriculai contractions, owing to an interiuption of the stimnlns between 
the aniicles and ventricles Somewhat latei, or even immediately after ^ 
this, the heart may assume a most peculiai rhythm in which the auricles 
and ventiicles are beating quite independently of each other ^ This 
iiiegulaiity diffeis from the ordinary rhythm of complete heait-block in 
that the ventricular rate is not slow, but approaches and, indeed, usually 
exceeds the auricular rate, so that, for example, one may count sixteen 
ventricular to fifteen auricular contractions This ihythm is so common 
in carefully graded digitalis poisoning in dogs that it has become a regu- 
lar portion of tire pharmacologic demonstrations given by Dr Edmonds 
to the University of Michigan students and by Piofessoi Hatcher to the 
Cornell University students So far as we know, this form of irregular- 
ity has never been described in man Its probable occurrence in the 
patient whose history follows has led us to report the case and to discuss 
biiefly the effect of digitalis on the ventricular rate in man 

Case 1 — Patient — A teamster, 27 years old, entered the first medical division 
of Bellevue Hospital, New York, on June 27, 1908, complaining of cough and dysp 
nea His family history was negative He had had acute aiticulai rheumatism 
at 12 yeais, a suspicious venereal sore at 22, and had been a heavy di inker up to 
five months hefoie admission Eor two years he had been troubled with short- 
ness of breath on moderate exertion, but in the past two months this had become 
much more severe and was often paroxysmal in charactei He had a loose cough 
and at times slight fever No edema 

Examination — ^This showed a well-nourished young man suffering from-dysp- 
nea The caidiac dulness was not enlarged, the heart-sounds were clear and of 


Read at a meeting of the Section on Medicine of the New York Academy of 
Medicine, Oct 19, 1909 

1 Cushny, A R The Action of Substances of the Digitalis Senes on the 
Ciiculation in Mammals Jour Exper Med, 1897, ii, 233 

2 Tabora XJebei die experimentelle Erzeugung von Kammersystolenausfall 
iind Dissociation dm ch Digitalis Ztschr f exper Path u Tlieiap , 1906, iii, 549 
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normal intensity The lungs showed a diffuse bronchitis, and, m addition the 
left lower a\illa showed dulness, diminished breath sounds, diminished fremitus 
icut crnelcling rales The liver was palpable at the level of the umbil- 

icus The urine showed a heavj’ cloud of albumin with a specific gravity of 1 020 

improvTd^ granular casts He was discliarged ol Ju}y iO considera% 

Course of Disease— On Aug 3, 1908, he was readmitted to the second medical 
division of BclIcMic Hospital complaining of dyspnea His heart was now dis 
tinctly enlaigod, the ape\-beat being in tlic sixth intercostal space, 15 cm from 
the mid-linc, witli the light border 2 cm bejond the sternal margin There w'as a 
soft systolic murmur at the apex tiansmitted to the axilla and back The second 
pulmonic sound was accentuated The pulse was weak, of small volume, and occa- 
sionally iriegular The urine was at times negatne, at other times it showed 
traces of albumin The feet were swollen During this stay in the hospital he 
ran a slight but continuous foier, occasionally i caching 100 5, and towxard the 
end 102 His blood showed a mild anemia, with 9,000 to 11,000 white blood cor- 
puscles Blood cultures were negatne He died on September 5 There was no 
autopsj Ihe clinical diagnosis iias chronic m}ocaidial insufficiency with dilata- 
tion 



Big 1 — Jugular and apex tracing with chart showing the relation of auricu- 
lar and ventiicular sj stoics, 1/15 second being allowed for the venous waves to 
reach the neck 



Big 2 — Same as Figure 1, except that the apex tracing w’as too indistinct for 
reproduction 


During the earlier part of the patient’s second stay in the hospital, lus 
venous pulse was of the usual negative type, the well-marked a waves 
indicating normal auricular contractions On Sept 4, 1908, one day 
before he died, the patient’s general condition had become much more 
serious and his edema and dyspnea more severe At times gallop rhjdhm 
was heard over the preeordia The venous tracings taken on this day were 
remarkable in that they showed a regularly recurring cycle of changes 
(Figs 1 and 2) Each cycle required about seven seconds for its com- 
pletion, and included about fourteen ventricular contractions At cer- 
tain portions of the cycle a single, sharp, positive wave occurred in the 
jugular pulse just after the onset of ventricular systole Midway between 
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these groups oi sharp waves, each ventricular systole was represented on 
the venous pulse by two waves of almost equal height connected hy a 
more or less distmct plateau It was evident from the duration of these 
c 3 '^cles (seven seconds) that they were independent of the respiration, 
for the respiratory rate was constantly about 30 per minute 

In our opinion, the explanation of these cycles is to be sought in the 
interference of two systems of waves which were independent of one 
another and not quite synchronous The one system is best represented 
on our venous tracings by the negative waves marked which recur 
regularly and nearly always distinctly The other is represented by the 
apex-beats A comparison between these two shows that the former 
recur at a slightly slower rate than do the latter, so that, for example, 
thirteen x waves correspond to fourteen apex-beats There was evident, 
therefore, a lack of^ synchronism between the apex-beats representing the 
systoles of the left ventricle and the portion of the heart which caused the 
X waves Several reasons can be advanced against the view that these 
latter were due to the contractions of the right ventricle In the first 
place a dissociation of this character between the two ventricles is 
unknown experimentally and would be highly improbable on theoretical 
grounds In the second place, such a dissociation ought to cause recur- 
ring variations in the shape of the apex-beat which were not present in 
our tracings Finally, it is difficult to explain the rhythmical changes m 
the venous pulse on this hypothesis 

It is much more probable that the negative x waves were due to 
auricular diastoles and that the cyclic variations in the venous pulse were 
caused by a lack of s 3 mchronism between the auricles and ventricles of 
such a nature that foi thirteen auricular there were fourteen ventricular 
contractions On this assumption these cycles in the venous pulse become 
clear The positive wave, which can usually be distinguished ^ust before 
the X wave, was in each case due to the auricular contraction, the other 
waves were caused by the contractions of the right ventricle, and the 
changing character of the venous pulse was due to the complicated mter- 
ference of the two systems of waves Unfortunately, it is not alwavs 
possible to identify the individual waves on the venous tracmgs Yet 
one thing comes out clearly when a diagram is constructed to show the 
relation of auiicular and ventricular contractions according to this 
h 3 'pothesis (Figs 1 and 2) This is the fact that the smgle high waves 
on the venous pulse occurred when the onset of ventricular systole coin- 
cided with that of auricular 53 stole Such single high waves are common 
m those exti asystoles where piemature ventricular contractions coincide 
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With amiculai systoles,'* and then occuiience m our tiacmgs just wheie 
one ■would theoretically expect them stiengthens oui hypothesis 

Thiough the kindness of Di C W Edmonds, tiacings were obtained 
from the internal jiigulai vein of a dog duiing digitahs poisoning, at 
the stage where the ventiicular contiactions veie slightly more lapicl 
than the amiculai (Fig 3) This venous tiacmg, though not piecisely 
similai to those obtained fiom oui patient, lesembles them in the promi- 
nence of the ^ naves due to auricular diastoles and in the occmrence of 
single waves when the onset of ventiicular sj stole coincided with that of 
auiicular s} stole In these jiaiticulais, iheiefore, it suppoits oui intei- 
pietation of the tiacing obtained flora man 

We liave ahead}’’ stated that tins peculiar i]i3thm is frequently 
obseived in the latei stages of expeiimcntal digitalis poisoning On 
inquiiy it nas found that the patient fiom ivliom oui tracings were 




]Fig 3 — ^Dissociation of auricles and venliicles produced c’s.perimentally by 
digitalis, ivitli auriculai, ventiicular and venous tracings The mam negative 
waves of the venous pulse coincide with auricular diastoles and the single positive 
waves with the simultaneous onset of auiiculai and ventiicular systoles 

obtained had been taking diugs of the digitalis senes in consideiable 
quantities over a long peiiod of tune From August S to August 16 he 
took daily one dram of the tincture of stiophantlius, from August IS to 
August 28 one-half dram daily of the tinctuie of digitalis, on August 29 
SIX minims of the fluidextract of digitalis, on August 30 two minims of 
the huidextraet of digitalis From August 31 to September 2 he took 
fifteen minims of the tincture of digitalis and thirty minims of the fluid- 
extract of apocynum daily, on September 3, 4 and 5 thirty minims of the 

3 Hewlett, A W The Interpi etalion of the Positive Venous Pulse Jour 
Med Research, 1907, wii, 119 
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fluidextract of apocyniiin, and in addition on September 4 and 5 eighteen 
minims of the flmdextract of digitalis Dnnng all this time his heart 
failure was gradually becommg worse and he died on September 5 
Although the daily amount of digitalis and its allies did not seem exces- 
sive, especially from August 16 up to September 4, nevertheless in view of 
the fact that the type of arrh 3 thmia corresponded to that seen in experi- 
mental digitalis poisonmg, it seems probable to us that the irregularil^^ 
was due to a cumulative action of the drug If this be true, it illustrates 
how difficult it may be to ascertain when enough digitalis has been given, 
for at no tune was marked slowing of the pulse observed 

This peculiar irregularity is believed to be due to the action of digi- 
talis m increasing the spontaneous ventricular rate Ordmarily these 
chambers take their rhythm from the auricles and their tendency to con- 
tract spontaneously is held in aheyance. Should stimuli from the auricles 
fail to reach them, however, sufficient time may elapse for the ventricles 
to develop their inherent rhythm In complete heart-block, for example, 
they contract spontaneously and regularly at a rate of about thirty per 
minute Tabora- has shown that this spontaneous ventricular rhythm, 
induced experimentally by section of the His bundle, may be doubled by 
the administration of digitalis, and, furthermore, that durmg the pauses 
of a partial heart-block the ventricles may give one or more spontaneous 
contractions at a rate which shows that their inherent rhythm has been 
increased Erlanger^ has also noted the increased ventricular rate pro- 
duced by digitalis during complete experimental heart-block. 

We have endeavored to find in the literature similar examples of digi- 
talis action on man Several mstances have been recorded where the 
ventricles contracted spontaneously during a partial heart-block and it 
seemed of interest to see if these spontaneous contractions showed a ven- 
tricular rate greater than the normal and also to note their relation to 
the admmistration of digitalis EihTs patient had a partial heart-block, 
which was apparently due to the administration of digitalis ° In the 
long pauses which occurred during the blocks the ventricles at times con- 
tracted spontaneously. These spontaneous contractions occurred 1 8 to 2 
seconds after the normal ventricular contractions, thus corresponding to a 
spontaneous rate of thirty to thirty-three per minute Apparently, there- 
fore, although the digitalis produced a partial heart-block in this patient, 

4 Erlanger, J Ueber den Grad der Vaguswirkung auf die Kammern des 
Hundeberzens Arcb f d ges Physiol , 1909, cxxvi, 77 

5 Pihl. Klimscher Beitrag zur Kenntnis der Ueberleitungsstorungen -von der 

Bildungsstatte der Ursprungsreize ztun Vorhof Deutsch Arch f klin Med 
190S, xciv, 286 
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it did not increase the automatic ventiicular rate In a similar case 
lepoit by Mackenzie® the ventriculai pause of two seconds conesponded 
to a rate of thiity. No statement was made as to whether this patient 
uas under the influence of digitalis Joachim’s^ patient had taken digi- 
talis, though the amount is not stated His tiacmgs admit of an inter- 
pietation similar to those just cited and this would make the ventriculai 
pauses in liis patient about 1 3 seconds and the ventricular rate about 46 
Finally, in the ca^^e repoitcd by Wenckebach,® spontaneous ventricular 
s} stoles occuiied duiing paitial heart-block at inteivals of 13 seconds 
corresponding to a spontaneous late of foity-six pei minute Wencke- 
bach states that his patient had been talang the tmcture of stiophantlius, 
but he does not expiess an opinion as to any possible i elation between the 
diug and the spontaneous lentricular conti actions In these last two 
eases the lentiiciilai late was distinctly fastei than noimal So far as 
Me mai judge from the literature, therefore, spontaneous ventiicular con- 
tiactions aie not common in man during paitial heart-block caused by 
digitalis, and vlien they do occur they may or may not show an increased 
ventiicular rate 

Of particular inteiest in this regard is the effect of digitalis on the 
ventiicular rhythm in complete heart-block Clinicians are not agreed as 
to its therapeutic value in this condition, some favoring its use m certain 
cases,® others advising caution m its administration Its deleterious 
action in producing or increasing a partial block has no bearing on its 
value when the block is complete Neither is the slow heait-iate a contra- 
indication to its use, for, so far as we know, digitalis does not slow the 
automatically beating ventricles eithei in animals oi man On the other 
hand, one might conceive that digitalis would be beneficial to patients 
with complete heart-block by mcieasmg the force of the ventricular con- 
tractions or by increasing the automatic ventricular rate, or that the lat- 
ter might serve as a therapeutic indicator of the effect of the drug So 
far as we know, this possibility has not been considered by clmicians, and 
a definite increase of ventricular rate has not been observed during the 
therapeutic administration of digitalis to patients with complete heart- 

6 Mackenzie, J The Cause of Heart Irregularity in Influenza Bnt Med 

Jour , 1902, 11 , 1411 „ 

I Joachim, G Em atypischer Fall von Storung der Keizleitung im Jierz- 

muskel Berl klin Wchnschr , 1908, xiv, 911 

8 Wenckebach, K F Beitrage zur Kenntnis der menschlichen HerztatigKC r, 
III Teil, Arch f Anat u Physiol Physiol Abteil, 1908) (Suppl ), 53 

9 Gibson, G A Bradycardia Edinburgh Med Jour, 1905, xhii, 9 
10 Osier, W The So called Stokes-Adams Disease Lancet, 1903, ii, 51b 
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block Bachmanii/’- for example, found that, while strophanthus moder- 
ately slowed the auricles of his patient, it did not influence the ventricles 

In view of the meager clinical data on this point, we shall report a 
case of complete heart-block in which active preparations of digitalis were 
given in fairly large doses over a considerable period 

Case 2 — Patient — A laborei, 60 years old, was admitted to the second med- 
ical division of Bellevue Hospital on Nov 27, 1908, having been picked up in the 
street during a period of unconsciousness He had used alcohol regularly and at 
times to excess, and had had no infectious diseases except gonorrhea and a 
venereal sore 

Examination — ^This showed an enlarged heart with an accentuated second 
aortic sound and a blowing systolic murmur over the apex region The radial 
arteries were markedly thickened, and the pulse-rate was usually about 33 per 
minute 


Course of Disease — ^While in the hospital he had a number of typical con- 
vulsive attacks Of the many venous tiacings taken during his stay the gieat 
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Fig 4 — Chart showing effect of digitalis on the auricular and veiiti icular con 
ti actions of a patient with heait-block 


majority showed a complete heait-block, although at times there was a partial 
heart-block or none at all The first couise of digitalis, consisting of one-half 
ounce of the infusion four times a day was begun on March 18, 1908, and termi- 
nated on April 6 Venous tracings were taken almost daily and the auricular 
and ventricular rates as calculated from these are shown on the accompanying 
chart (Fig 4) The auricular waves, which were easily recognized on the earlier 
jugular tracings disappeared on March 31 and did not reappear until April 10 
or 11 On April 2 the apex tracings showed a ventricular arrhythmia which was 
due to a regular recuirence of normal and slightly prematuie beats 

The second course of digitalis (15 minims of the tincture four times daily) 
began April 10 and was terminated on April 19 On the latter day the auricular 


11 In a later case Bachmann (The Akchives Int Med , 1909, iv, 238) obtained 
a slight acceleration of the ventricles, under strophanthus, and a marked improve- 
ment in his patient’s condition 
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wa\es again disappcaicd and did not ictuin until April 23 On the 19th also the 
ventricles assimiod a bigeminal i In thin, similar to that ohseivcd on April 2 evcept 
that the picniatuie heats came oailiei At times this bigemimis was continuous 
(Fig 6) , at other times the piemature contractions occurred after e^erv other 
long intenal (Fig G) 

A study of the latter tiacmg shox^s tliat the premature contiaction 
occiiued 0 66 second after the noima], that the next mteival was about 
1 66 second, tvlnle the final intejval was about 1 S3 second The inteivals 
folloumg the exli as} stoles wcie always slightly shortei than those sepa- 
rating the noimal beats It is usuallj’^ stated that reniriculai extrasvs- 
toles occuriing during complete heait-bloclc aie folloi\ed by the same 
intei mission as occuis between noimal beats, there being no compensatory 
pause Howevei, a slightl} shoitened peiiod such as we observed on oui 
ape\ tracings has been noted by othcis on ladial tracings Their 
explanation, viz , that tlie extra s} stole is delared in its tiansmission to 
the M 1 ist, could not be applied to our patient 
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Fig 5 — Bigeminal ihrthm dining digitalis administration to a patient vitli 
complete heart-block 
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Fig G — Extrasystolcs aftei every othei noimal heat in same patient 


Shortly aftei the' second course of digitali?, possibly also after the 
first, the heart-block was diminished, foi, on the 36th, there was a definite 
partial block and on the" 27th, no block at all It is possible that the 
diminution of the block bore some relation to the administration of digi- 
talis 

bTo increase in the regular rate of the ventricles occurred duiing oui 
administration of digitalis to this patient ; and yet it seems probable that 
Ins heart showed some effects from the drug The disappearance of the a 
waves from the jugular was at first regarded as a defect in technic, but 
their second disappearance from the apex tracings durmg the second 


Arch f 


12 Wenckebach, K F Kenntnis der menschhehen Herztatigkeit 
Anat u Physiol , Physiol Ahteil, 190G, 207 

13 Gossage, A M Complete Heart Block Quart Jour Med, 1908, n, la 
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course of the drug suggested that this may have been due to a toxic -weak- 
ening of the auricular contractions The appearance of the extra systoles 
on each occasion also suggested a digitalis effect It is impossible, of 
course, to draw conclusions from this smgle experience, though it indi- 
cates that moderately large doses of an active preparation of digitalis 
may fail to increase the ventricular rate m patients -^uth complete heart- 
block and that, therefore, one cannot rely on such an increase as a guard 
against an overdose of the drug in these patients 

In conclusion, we -wish to thank Professors W Gilman Thompson and 
C L Dana, m -whose services at Bellevue Hospital these patients -were 
obseived and by whose permission their histones are reported 
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Cases of gangiene accompanied by gas formation in the tissues have 
been observed for a good many years Such cases aie most common 
after teaimg and laceiating wounds, compound fractures with extensive 
injury of the tissues, though they may follow slight cuts, abrasions or 
punctuie uounds 

The condition was hist accuiately desciibed in 1853 by Maisonneuve,^ 
who called it “gaseous phlegmon ” 

The proof of the infectious natuie of the piocess we owe to Bottini, 
who in 1875 by inoculation experiments successfully showed this charac- 
teristic While the disease was recognized as an infectious process, it was 
not until the work of Pasteur in 1877 that any definite etiological factor 
was described He isolated from such a case an organism called by him 
vibnon sepiiquo^ but later given the name of Bacillus cdcmaiis mahgni 
by Koch and GafCky This was the fiist pathogenic anaerobe discovered 
This organism was thought to be the mam factor m these cases Such 
especially has been the view in Eiance, but while cases showing gas forma- 
tion in tissues of man due to this organism undoubtedly do oceui, too 
much importance by fai has been attributed to this geim, and in general 
careful bacteriological woik has been neglected Guillemot,” Muir and 
Eitchie,® and Brabec'^ have reported cases in which this organism was 
undoubtedly the etiological factor By far the most important causative 
agent in emphysematous gangrene and allied conditions is the organism 
isolated and described by Welch and NuttalP in 1891 and named by them 
Bacillus aeiogenes capsulatus, or better termed Bactenum ivelclm 
(Migula) This organism was independently described by E EraenkeP 
in 1893 and called by him Bacillus plilegmones empliysematoscE, but later 
he acknowledged it to be identical with Bactenum welclni The same 

1 Maisotmeuve Gazette med de Pans, 1853, p 592 

2 Guillemot, L Compt rend Soc de biol , Pans, 1898, x, 1017 

3 Muir and Ritcliie ^Manual of Bacteriology, American ed , N Y , 1904, 
MacMillan Co 

4 Brabec Wien klin Rundschau, 1900, \iv, 145 and 167 

5 Welch, William, and Nuttall Bull Johns Hopkins Hosp , 1892, iii, 31 

6 Fraenkel, E Centralbl f Bakteriol , 1893, xiii, 13 , Uebei Gasphlegmonen, 
Hamburg and Leipsic, 1893, L Voss 
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germ was probably seen by Eosenbach as early as 1884: m gaseous gan- 
grene, bnt he did not realize its significance Since the work of Welch 
and Nnttall/ Eraenkel® and others, the great majority of cases of emphy- 
sematous gangrene have shown the presence of Bactei mm welclm, or as 
it IS called in France, Bacillus 'peifiingens (Veillon, Zenber), or bacillus 
of Achalme From time to time, however, cases of emphysematous gan- 
grene due to aerobic organisms have been described Accordmg to some 
observers, such cases occur only in diabetics , others assert that the condi- 
tion maj'’ arise without any evidence of sugar being present in the tissues, 
and it IS in support of this latter view that I wish to present the findings 
in this case 

REPORT OP CASE 

The patient was a man about 50 years old, hi ought to the university hospital 
at Ann Arbor in veiy bad condition He had suffeied from a retention of mine, 
and his family physician, having no regular aspirating set or similar apparatus, 
had punctured the bladder suprapubically by means of a large trocar about a 
quarter of an inch in diameter When the patient was brought to the hospital 
there was a slight discharge of pus fiom the meatus and also from the wound 
made by the trocar Theie was a small amount of gas in the tissues about the 
wound and a few gas bubbles could be expressed horn the meatus along with the 
pus The gangrenous condition rapidly grew worse and the gaseous distention of 
the adjacent tissues became more and more marked There was not, however, the 
coppery hue seen in infections wuth Bacterium welclm The patient died about 
seventy-two hours after his admission to the hospital Post-mortem examination 
showed purulent peritonitis wuth gaseous gangrene of the tissues about the blad- 
der Piequent examination of this patient’s urine shoived sugar to be absent at 
all times 

MICROSCOPIC EXAMINATION 

At the post-mortem examination pus was taken from the meatus, seminal 
lesicles, and peiitoneum near the bladder Smears were made and plates pouied 
and incubated at 37 C The smeais showed the same foims described in the cul- 
tures Both aerobic and anaerobic methods of cultivation weie employed, the lat- 
ter being obtained by ISToi^y jais with pyrogallate method of oxygen absorption 

The aeiobic plates of pus from the seminal vesicles and peritoneal exudate 
show'ed, in twenty-four hours, large numbers of round, moist, grayish-white col- 
onies which spread rapidly and which show'ed darker center with clear outer 
zone, rather legular in outline with no marked venation In the case of the pus 
from the meatus there were also found two other oiganisms, one identified as a 
Staphylococcus pyogenes albus, the other a short motile bacillus later identified as 
a pioteus which showed no pathogenic effect on laboratory animals 

In the anaerobic cultures large numbeis of colonies similar to those described 
for the aerobic plates were found in thirty-six hours Ho other germs developed, 
and on subsequent tests these organisms proved identical with those from the 
aerobic plates 

A culture from each source was studied and various subcultures made, all of 
winch showed the same characteristics Cultuial methods described bv Corner 
and Singer'' and Dudgeon and Sargent® were emploved, and the laboratory strain 

7 Corner and Singer Tr Path Soc London, 1901 In, 42 

S Dudgeon and Sargent Tr Path Soc , London, 1904, Iv, 107 
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of llie colon Ijncillu'i wns carnetl through the ‘^aino procedures as the organ 

isni under jn\cstigalion 'Jhc following are the most important cliaractonstics of 
the germ 

Vot phology — A %erj short bacillus, almost coccus like in shape, especially in 
anaerobic beef-tea cultuie, where short threads of three or four seem to pro 
dominate Ihc eame appearance was noted In ChaMgnA® in working with his 
organism On agar streak uridoi aciobic conditions the bacillus form was more 
common, diplobactlli being frequently seen but no long threads 

MotiUty — Actnch motile when fust isolated, but this soon became a rather 
sluggish nio\empnt under artificial cultnation 

Spore formation — None obser\ed 

Oxypen Itcqmtctncnt<i — Faciilfatnc anaerobe 

Staining licaction — Stains well with ordinary aniline djos but does not stain 
bv Gram’s method 

Thamal Death-point — Killed by fnc minutes’ e\posurc to CO C Two tenths 
per cent caibolic acid did not inhibit the growth of the organism 

Culiinal Chai aeic) I’itiCf — Beef Tea Very turbid in twche hours with 
Ktnngv white deposit on bottom of test-tube, no scum on surface After several 
daiis the same picture was at no time was there any scum found on the sur 
face of the liquid 

Litmus Jfilk 'Juho showed carlv reduction of litmus and rather slow coagii 
lation of casein In some tubes this was not present until the third or fourth 
dav, but in all cases coagulation had occurred bv the sc\enth day There was no 
subsequent peptonization of the casein in ten dajs 

Glucose Litmus Gelatin Stab A few of the tubes showed gas bubbles in twelve 
hours all were well split up In the end of twenty-four hours No liquefaction of 
the gelatin in ton dajs 

Plain Gelatin Stab Good growth in twentv four hours with small amount of 
surface spread, this becoming more marked later on Some tubes showed gas 
formation, others did not No liquefaction in ten dnjs Strains wduch showed 
gas production after cultnation on laboratorj^ media for some generations lost 
this power to a consulerahle extent 

Agar Slicak Moist, slightly spreading giowth, somewhat raised in center 
Glj'cerin Agar Streak No difforcncc except that growth appeared to be some 
what more rapid 

Glucose Agar Streak hicdium fiagmentcd in twenty-four hours 
Blood Scrum Tlnck, moist, wliitc grow'th, no liquefaction in ten days 
Potato Grow'th iliick, laiscd, moist and yellow'-brown in color 
Neutral Red Gelatin Containing Glucose This medium was fragmented m 
tw'cnty-four hours with subsequent gradual discoloration of the red After seven 
to ten dn3's decoloration W'as complete No liquefaction 

Neutral Red Agai Containing Glucose Abundant gas in tiventy-four hours, 
medium decoloi wed completely in three to four days 

Litmus Cane-Sugar Agar Shake Reduction of litmus with the formation of 
a few gas bubbles 

Litmus Mannite Agar Shake Abundant gas in twenty-four hours witli sub 
sequent reduction of the litmus 

Capaldi and Proskauer’® Medium No 1 Good giowth and acid production m 
twenty hours 


9 Chavigny Ann de I’lnst Pastern, 1897, xi, 860 
10 Capaldi and Proskauer Ztschr f Hyg , etc , 1896, x.xui, 452 
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Capaldi and Pioskauei^® Medium No 2 Slight acidity in twenty hours This 
same test was given by several of our laboratory stiains of Bacillus coli 

Indol Well developed in cultures five to eight days old 

The above cultures were grmvn at incubator tempeiatuie with the exception of 
the gelatin stabs, which weie grown at the tempeiature of the room Growth was 
abundant in both cases 

Sugar-free beef tea plus 1 per cent glucose, lactose, sacchaiose and mannite 
were tested, and in all cases fermentation was shown In case of sacchaiose this 
fermentation was slight but undoubtedly piesent The fermentation tubes weie 
incubated for twenty-four hours before inoculation The aerogenic powei on all 
these media was maikedly decreased after the germ had been grown for seveial 
generations on the laboratory media In all cases control tubes of the media weie 
used and cultures from our laboiatory strains of the Bacillus coli tested along 
with the germ under investigation The germ in this case differed fiom our stock 
culture in being more active in reduction of litmus and less active in its action on 
saccharose in the fermentation tube 

The above characteristics place the germ in the colon bacillus gioup vaiiety 
alpha of Theobald Smith, or Bacillus coli communis of Durham “ 

Pathogenesis — ^Intrapeiitoneal and subcutaneous inoculations of the pus weie 
made but there was no effect except in one case, which is discussed latei on On 
inoculation of a pure culture into a small white rat intraperitoneally, death fol- 
lowed in eighteen to twenty-four hours and the post-moitem examination showed 
a puiulent peritonitis The bacillus was isolated from the heart blood in pure 
cultuie The same result was obtained in the case of guinea-pigs One guinea- 
pig inoculated subcutaneously with pus developed a necrotic burrowing area be- 
neath the skin but no gas bubbles weie found Staphylococcus pyogenes alhus and 
Bacillus coll were recovered from the lesion When this geim was inoculated sub- 
cutaneously there appeared in the course of twenty -four to foity -eight houis a 
large red edematous swelling which subsequently healed without any necrosis or 
gas bubbles appearing Animals all recovered from subcutaneous inoculations 

In animals inoculated subcutaneously with a mixture of our germ and the 
Staphylococcus pyogenes auieus there was more oi less pus formation but no gas 
production Animals recovered 

Welch’s*^ test for the aerobic variety of his anaerobic bacillus was also tried 
but with negative result 

REVIEW OF LITERATURE 

In 1900 Welcli^^ discussed most thoroughly the whole literatuie on 
emphysematous gangiene, and stated that in his opinion Bacillus coli 
could pioduce gaseous gangiene only m diabetics He states, further, 
that he thinks those who leport such cases of colon gangrene with gas 
formation have confounded the organism with what he calls the aeiobic 
variety of his baciUus This aeiobic gcini was isolated from two cases at 
the Johns Hopkins Hospital by Lanier,^^ and he considers it identical 
with an organism obtained fiom garden soil by Saufelice,^° and called by 

11 Smith, T Am Jour Med Sc , 1S95 cx, 283 

12 Durham Jour Exper ]Med 1901, v, 363 

13 Welch, W Bull Johns Hopkins Hosp , 1900, xi 185 

14 Lanier Bull Johns Hopkins Hosp 1900, xi, 185 

15 Sanfclicc Ztschi f Hyg , etc , 1893, xn 339 
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the laitei BaciUns pseudo-edemaUs mahgni Sanfehce was worJnug with 
the Bacilhts cdcmaUs mahgm at the time, and observing the similaiity 
he named tlie organism isolated by liim as aboie Klem^^ found a sim- 
ilar oiganism in gaiden soil. Sanfehce in the course of his investigation 
examined soil, dust and feces from many sources, and found his BaciUns 
pscndo-cdcmaih inahgni in a laige number of the specimens examined 
All of these aerobic organisms, however, should be classed as members of 
the ubiquitous colon gioup 


Sluscatello and Gangitano^' lepoit five eases of emphysematous gan- 
giene, in two of wdiich they considei the Bacillus coh to have been the 
etiological factoi Tliese authois state that in one of these two eases 
Sii epiococevs pyogenes was found associated with the Bacillus coh, 
w’hile Pioieus vulgaus of Ilausei was found in the other They considei 
that the organism desciibed by them is a laiiety of Bacillus coh which 
can pioduce gas in the tissues, but the}’’ observed that this power was 
lapidly lost when tlie organism was grown on the oidinai}'' media The} 
considei the bacillus isolated by Sanfehce to be identical with then own, 
but they do not considei the oiganism as a new ‘species, lathei as a stiain 
of Bacillus coh, diffcimg somewdiat fiom the classical desciiptions of 
that organism They say, ^^Ve cannot agiee with those obseivers, Chian, 
and Hitschman and Linden thal, wdio asseit that the Bacillus coh has the 
powei of pioducing gas only in diabetics’^ Expeiimentally, Muscatello 
and Gangitano w^ere able to pioduce gaseous gangiene by the injection 
of cultmes of their bacillus mixed with a strain of the proteus Clinical 
proof of then statements is afforded by tlieir tw'O cases in which no sugai 
was present in the urine and in w'liich both patients lecoveied, foi when 
diabetics suffer from such an infection tlie prognosis is grave, '^simple 
infections running a piogiessive course maiked by a necrotic character 


Chavigny” in 1897 leporled a case of emphysematous gangiene mailced 
by comparatively slow pi ogress, in winch an organism wms found that 
he consideis identical wuth the oiganism of Sanfehce But Chavigny 
states that he considers it to hear a close relationship to Bacillus coh, 
although not identical with the strain wdiich he used as a control and 
with which he was unable expeiimentally to produce gaseous gangrene 
In the case of Ins organism, however, he was able to accomplish tins b} 
inoculations of Ins organisms plus Staphylococcus pyogenes alhus or plus 


the toxin of Staphylococcus pyogenes aw eus 


16 Klein Centralbl f Baktenol , 1895, xviu, 137 

17 Muscatello and Gangitano Munchen med Wchnschi , 1900, xlvu, laurf 
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Bvans^’^ and Heaton^® report cases of empli5'sematoTis gangrene due to 
Bacillus coh, but the information given is too meager to be of value in a 
critical discussion of the subject 

Dudgeon and Sargent® report a ease of gaseous gangrene in which 
very thorough bacteriological tests were made and in which the patient 
had at no time showed any sugar in his urine Aerobic and anaerobic 
plates were made, and under both conditions Bacillus coli was found 
The aerobic plates also showed the presence of Staphylococcus pyogenes 
alius Dudgeon and Sargent give in detail their experiments, the 
majority of which were repeated with the germ considered in this paper 
As in our case, they were unable to get gas in the tissues of experimental 
animals either with pure oi mixed cultures They also performed the 
test which Welch considers essential for the identification of both his 
aerobic and anaerobic gas bacilli and with negative results They also 
pei formed the same test with an organism described by Corner and 
Singer^ as identical with Sanfeliee’s Bacillus pseudo-edematis mahgni 
with a negative result These results strongly corroborate the contention 
of Muscatello and Gangitano that in all these cases of gaseous infection 
due to an aeiobic organism we are merely dealing with a very active gas- 
producing strain of the colon bacillus, this aerogenic power being rapidly 
lost 

Van Dungern^® isolated from a case of gaseous gangrene the germ 
which he considers as the Bacillus coli He was unable to produce gas 
in the tissues of expeiimental animals His patient’s urine was free 
f 10111 sugar 

Eoth-^ leports a case which he sajs to have been due to Bacillus lactis 
aeiogenes He doubtless confounded the geim isolated in this case with 
the geim of the colon group proper Both also cites a case of colon gan- 
grene lepoited by Maigarrucci, but details of this case are lacking 

Directly in opposition to the views of Muscatello and Gangitano,^'^ 
Dudgeon and Sargent,® and others, stands the work of Chiari,^^ Welch, 
Lmdenthal and Hitschman,-® and Corner and Smger ^ All of them 
assert that the Bacillus coli can produce gas only in the tissues of diabetic 
patients Coiner and Singei" go a step farthei and asseit that the organ- 
ism isolated by them, as well as those organisms isolated by several other 

IS Evans Lancet, London, 1898, i, 224 

19 Heaton Lancet, London, 1899, i, 398 

20 Van Dungern jMnnclien nied Wchnschr , 1893, \i 747 

21 Koth Centralbl f Bakteriol , 1899, vxv, 700 

22 Chian Prag nied Wchnschr , 1893, i, 1 

23 Lmdenthal and Hitschnian Centralbl f Chir , 1899, xxvi, 5 
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obseiveis ^\eie in leality lUiat they call Bacillus cdemaiis aerobius, the 
lattei being identical ^Mth Bacillus pseudo-cdemaUs maligni of Sanfelice 
estenboeffei lepoils I'wo cases, in one oi Avbicli sugai iias present 
m the mine, no infoi motion being given on this impoitant point as 
regal ds the second patient lie consideis the gas foimation m all cases 
to be a Eccondai} action on neciotic and dead material, and that the 
Bacillus calx acts as a pmc sainopli3te in such cases A similai mciv is 
held by the mahout} of men in legaid to the infections with Bacillus 
acxoqcncs capsulaius, Fiaeiikel being one of the feu men uho consider 
Bacillus aciogcncs capsulaius as an invadei of the body in normal condi- 
tions of liealtb Fodella-^ considers that the question as to the ability of 
Bacillus coh to pioduce gas m the tis'^ues of men is not 3'et settled He, 
boue\ci, quotc‘5 Sandlei vbo as^eits that tliere is a ^allet3' of Bacillus 
coll ■s^hieh is able to pioduce ga‘? in the tis'^ues of man and that vithout 
diabetes being piesent 

For lefeiences legaiding tlic cliemical and tovic action of Bactcxium 
xvclchxi in gangiene and allied conditions the leadei is lefeiied to the 
lecent ailicle by i\rcCampbell 


sui^orAiiy 

Cases of empb}«ematous gangiene may be due to anaeiobic 01 to 
aeiobic organisms 33^ fai the most common factor is Bacillus aerogenes 
capsulaius, otheiuise knomi as Bactcnum xuelclnx, a feu cases have been 
pioied to be due to infection uith Bacillus cdcmaiis malxgni 

The organism isolated b3’’ Laniei, uhicb Welch calls the aeiobic vaii- 
et3 of bis gas bacillus. Bacillus pseudo-cdcmatis inaligni of Sanfelice, 
Bacillus cdemaiis aciohxus of Coinei and Singei and the organism isolated 
b3'’ Klein should all be consideied as vaiieties of Bacillus coh Certain 
cases, as desciibed above, have shown under careful bacteiiological tests 
that the gas pioduction urns due to some V'aiiet3’’ of the colon bacillus 
Examination of the mine of these patients shoved them to be fiee fiom 
diabetes 

Medical Laboiatoiy Building, Iowa Citj, Iowa 

24 Westenhoeffer Vn chow’s Arch f path Anat, 1902 , cKviii, 185 

25 Eodella Centralbl f Baktenol , 1903, wxiii, 735 

26 McCampbell Jour Infect Dis , 1909, 1 1 , 537 



AN EXPEEIMENTAL STUDY OE THE ANTITEYPTIC 
ACTIVITY OE HUMAN SBEUM 

RICHAED WEIL, MD 

NEW •yOEK 
INTRODUCTOEY 

It lias recently been asserted by a number of investigators that tlie 
antitryptic power of blood seimn affords a reliable diagnostic criterion of 
the existence of cancer It is the object of tbe present paper to record 
the results of a series of observations based on this new method, and to 
give a critical estimate of the value of these results from a practical and a 
theoretical point of view 

It has been Imown for many years that blood serum is capable of 
inliibitmg the proteolytic power of trypsin First made by Eermi and 
Pernossi, this observation was at once confirmed by Camus and G-ley, 
Pugliese and Coggi, and m G-ermany by Hahn , more recent observations 
by Kolaczek, Bittoif, Muller, Wiens and Opie, established the fact 
beyond question Ascoli and Bezzola m 1903 found that the antitiyptie 
power of the serum was notably and constantly mcreased in cases of 
croupous pneumonia Other observers determined a similar increase in 
other pathological conditions, notably the infectious diseases In 1908 
it w^as showm bj’" Biieger and Trebing^ that the increase m the antitiyptie 
powder of the serum ivas so constant a characteristic of malignant disease — 
whether carcinomatous oi sarcomatous m nature — as to be demonstrable 
in 90 per cent of the cases Thej'- found that the same condition was 
associated with a number of other diseases characterized by cachexia, 
including such widely different conditions as pernicious anemia, phthisis 
sj'-philis, arteriosclerosis, BnghPs disease, gout and amebic dysentery 
In the later publications, accordingly, they speak of the method as the 
reaction for cachexia — Kachexie-BeahUon They conclude, nevertheless, 
that the method, wdien taken in conjunction with the clmical findings, 
IS of great value to the differential diagnosis of malignant disease Von 

* From tbe Depaitment of Experimental Therapeutics, Cornell University 
^ledical School 

1 Brieger and Trehing Ueher der antitryptischen Kraft des menschlichen 
Blutserums Berl klin Wchnschr, 1908, xlv, 1041, Weitere Untersuchungen, 
loc cit , 1908, xlv, 1349 , Ueher der Kachexiereaktion, loc cit , 1908, xlv, 2260° 
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Beigmann and Bfcycir wJio repeated tlie ^^ol]v, with an altered technic, 
confiim in the main the conclusions of Bnegei and Trebing They find 
that theie is an inci eased inhibitoiy action of the serum, a so-called 
‘^‘positive icaction,^^ m 92 7 pei cent of the cases of cancer They found a 
positue leaction to be present also in 24 2 per cent of the non-cancerous 
cases m uhich thc}' tested the serum Tlie}' fail to confirm the theory of 
Biiegei and Tiebing that tiie positne leaction is chaiacteiistic of cach- 
exia, inasmuch as it was absent in ceitain diseases associated w'lth this 
condition, and piesent in ceitain of the noimal, well-noiiiished individ- 
uals They conclude that a ^^negatiie” reaction should be held, except 
111 the pj esence of unquestionable evidence of cancer, to exclude the diag- 
nosis of malignant disease, a '^positiie’^ reaction is to be regarded only as 
confiimatoiy evidence Iler/fcld,^ using the technic of Von Bergmann 
and Me 3 ’ei, found a positive leaction in S3 4 per cent of the cases of 
cancel, of which he examined 12, and in 42 5 per cent of the other cases, 
of which he examined 40 He concludes, therefore, that the positive 
reaction is of no diagnostic value, while the negative leaction is possibly 
sometimes of lalue, in con 3 unction with othei evidence, in excludmg the 
diagnosis of cancer ]\[ore recently, a considerable number of publications 
have dealt wutli tlic method, and have practically confirmed the conclu- 
sions above summarized (Boche,® Hort," Becker,® Landois''^), namel}^, 
that the method is of very considerable diagnostic value 


SrCTHODS 

The methods W'hicli have been devised to demonstrate the antitrj'ptic 
power of serum aie of considerable interest The eailier mvestigators 
geneiall}^ used leucocytes as a ferment and gelatin plates as the object of 
digestion These methods aie now of little more than histone inteiest 
MuJlei and Jochmann introduced the use of Loflder plates, i e , of blood 
serum and glucose bouillon Maicus found that a solution of trypsm 
could be substituted for the emulsion of leucocytes Biieger and Trebmg 
combined these modifications in the following method, the details of 


2 Bergmann and Meyer Bedeutung der Antitiypsinbestimmung im Blute 
Berl klin Wchnschr , 1908, xlv, 1673 

3 Herzfeld, E Beitrag zur Bnegersclien Eeaktion Berl klin INcimsc , 

1908, xlv, 2182 Tiic! 

4 Eoehe, M E The Antitryptic Content of Blood Serum in Malignc 

ease The Archives Int IMed , 1909, iii, 249 

5 Hort, E Antitryptic Reaction Brit Med J^ur , 1909, p , 

6 Becker, G Der Antitrypsingehalt des Blutes m der Gy g 

Munclien med Wchnschr , 1909, Ivi, 1363 deq Blutes 

7 Landois, E Untersuchungen uber den antitryptischen In 

Berl klin Wchnschr, 1909, xlvi, 440 
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■which, as they state^ demand exact attention m order to ensure the best 
results . 

The trypsin used is that of Kahlhaum, and should he made up 
freshly for each test in a 1 per cent solution The test media are plates 
of beef serum, the serum should be tested before pouring, and all serum 
IS to be rejected of which the alkalmity is higher than such as to enable 
1 c c to neutralize 0 1 c c of deeinormal hydrochloric acid The plates 
are to be used only after they are several da} s old, and only those with a 
perfectly smooth surface are accepted Blood is taken from the patients 
three or four hours after eatmg One platinum loopful of the serum 
derived from this blood is mixed wnth from one to ten loopfuls of the 
solution of tr}'psin, giving ultimately ten mixtures of serum and tr}^sin, 
the former in constant, the latter in ascendmg amounts Of each of these 
mixtures six or eight loops are transferred to the surface of the plates, 
of which as many as five are generally required. The plates are then 
incubated for twent}--one hours at a temperature of 55 C Every pre- 
caution IS taken to avoid contammation of the material, and the tempera- 
ture of incubation almost excludes the groudh of contaminatmg micro- 
organisms, while it does not mterfere with the activity of the trypsin 
The results are interpreted m the following manner 

Cases m which the serum is able to inhibit the digestive action of 
more than five times its o-wn volume of a 1 per cent solution of tr}q)sm 
areTegarded as possessmg distinctly increased antitryptic power, or as 
^^positive,” cases in which the serum does not equal this strength are 
regarded as “negative,” inasmuch as the average normal serum is com- 
petent to mhibit three tunes its volume, and a considerable proportion 
even four or five times the volume of tri^sm The highest admixture of 
trypsin which fails to produce a visible depression, or “dell,” on the sur- 
face of the plate, is regarded as indicating the limit of inhibitory power 
on the part of the serum 

In spite of the fact that the method is given with a certain amount 
of detail, a number of important factors have been omitted, which may 
best be mentioned here It is necessary to use about 30 c c of serum for 
each Petri dish The plates after bemg poured are sterilized at 90, 80 
and 75 on three successive days They are then dried by exposure to the 
temperature of the mcubator for one day, and are kept m the ice-chest 
until needed The temperature at which the serum and the trypsm are 
mixed plajs as will be shown in the body of this article, a considerable 
role m the reaction, as does also the length of tune durmg which they are 
in contact before bemg applied to the surface of the plates It is advis- 
able, therefore^ that these two variable factors be excluded bv a technic 
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calculated to ensuie their constanc}' In place of a loop as the unit of 
measuieinent^ I have found it adMsable to substitute the use of accurately 
graduated pipettes, using 0 1 oi 0 25 c c of seium in each test, and adding 
thereto ascending multiples of this amount of tiypsin This variation m 
technic demands larger quantities of serum, but ensures much greatei 
accuiacy and thoioughness of dilution Of each of the mixtures, a single 
loop is transfeiied to the suifacc of the plates, which are incubated, as 
desciibed by Brieger and Tiebing When the technic has been successful, 
it IS very simple to deteimine by an inspection of the plates an equation 
between the seium and the amount of tiypsin which it is competent to 
inhibit Buithei details icgaiding the technic and the results of the 
method will be included in the body of tlie article 

Bergmann and Bamberg® ciiticized the foiegomg method chiefly on 
account of the laboiious character of the technic involved In their woik 
they substituted tlie casein method of Fuld and Gioss In this method 
the digestive action of trypsin is tested against a solution of casein instead 
of against serum, and the aetivit} of digestion is deteimined by precipi- 
tating the undigested casein at the end of a ceitam peiiod of incubation 
by the addition of acetic acid The reagents emplojed in the test are 
a solution of casein, acetic acid, a solution of trypsin and the seium 
The casein solution is prepared by dissolving 1 gm of casein m 100 c c 
of a decinormal solution of sodium h 3 'droxid, uith the help of a modeiate 
degree of heat, this solution is made neutial to litmus by means of deci- 
noimal hydrochloric acid, and is Anally brought up to 500 cc by the 
addition of 0 85 per cent sodium chlorid The acetic acid is in a 5 pei 
cent solution m 45 per cent alcohol The tiypsm solution is made by 
addmg 0 5 gm of Grublei’s trypsin siccum to 50 c c of a 0 So per 
cent solution of sodium chlorid, to which has been added 0 5 c c of a 
normal soda solution , this solution is then diluted ten-fold with 0 85 pei 
cent salt solution The final strengths are, therefore, casein in a 0 2 pei 
cent solution and trypsin in 0 1 per cent solution , the serum is made up 
into a 2 per cent dilution m physiological salt solution It was found 
that 0 5 c c of this trypsin when added to 2 c c of the casein and incu- 
bated for one-half hour, yielded no pieeipitable residue on the addi- 
tion of the acetic acid, 04 cc of tr^^psin, howevei, yields a slight pie- 
cipitate , the former amount is, therefore, the minimal quantity necessary 
to ensure complete digestion of the casein The antitryptic action of 
the serum is measured in the following manner Into each of six test- 

8 Bergmann and Bamberg Zur Bedeutung d Antitrypsins im Blute Berl 
klin Wchnscher , 1908, xlv, 1396 
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tubes IS measured 0 5 c c of the 2 per cent, dilution of serum, to each in 
turn IS then added an increasing amount of trypsm, beginning with the 
above-determined 0 5 c c , the minimal quantit}’’ necessar}'’ for complete 
digestion, and inci easing the amount by 0 1 c e m each tube of the 
senes, the total quantity in each tube is bi ought up to 1 5 c c by the 
addition of physiological salt solution Two c c of the casein solution is 
now added to each tube, and, after thorough shaking, they aie incubated 
for half an hour in the thermostat at 100 F At the end of this time, the 
contents of each tube are caTefull 3 ^ made acid by the addition of the acetic 
acid drop and drop, and readings are taken to determme in which tube 
of the series the first precipitation occurs, in other words, what quantity 
of trypsin is 3 ust sufficient to overcome the inhibitory action of 0 01 c c 
of the serum Normally, serum inhibits 0 6 c c of the trypsin, and cases 
in which the mhibition does not exceed this value are denommated 
"negative” ( — ) ; cases m which the serum fails to reach this value are 

denominated , cases in which the inhibitory power neutralizes 0 7 

c c of trypsin are denoted as ±: , serums which neutralize 0 8 and 0 9 c c 
are classed as -{- , serums of still higher strength as -] — [- This method 
has been accepted almost in detail by Herzfeld It has been criticized by 
Brieger^ on the grounds that the subjective element plays a considerable 
idle in the estimation of the precipitate, that the acetic acid yields a pre- 
cipitate with the albumin of the serum employed in the test, that the 
addition of a slight excess of acetic acid would convert the casein into a 
soluble acid-albumm, and that the antitryptic action of the serum may 
be lost in tlie high degree of dilution to which it is subjected m the test. 
None of these criticisms offers in the least degree a valid basis of argu- 
ment agamst the reliability of the method, which is certainly both more 
delicate and more manageable than that of Brieger and Trebmg In 
my own expeiiments, after a thorough trial of the technic just deserihed, 
I have found it advisable to make certam changes in the details of the 
method I have used casein in 0 1 per cent solution in 0 1 sodium eai- 
bonate, trypsin m 0 1 per cent solution in 0 85 per cent sodium eWorld, 
and serum in a 2 per cent dilution The same quantities of these 
leagents were used as m the experiments of Bergmann and Meyer, but 
the tripsin was added last, on the basis of experiments to be described 
in the bodj of this article Incubation is contmued for two hours, after 
V Inch 0 2 c c of the 5 per cent acetic acid is added to each tube These 
slight alterations in techmc, notably the use of half the strength of casein 
in solution, shift the figures, but do not otherwise affect the results 


9 Bneger In report of discussion Berl klin Wclinsclir , 1908, xlv, 1415 
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AXTJTRYPTIC ACTH ITY OF HUMAN SJJItVM 


EXPERIMENTAL 

It seemed advisable to make certain pieliminarj' experiments in order 
to determine the conditions which might piodnce vaiiations m the final 
lesults Tmo such vaiiable factors iiere delennined, and care was taken 
to eliminate them in the subsequent ivork 

The length of time dm mg which the ti3'psm and the serum are in 
contact bef 01 e being added to the casein u as found to play a very consid- 
eiablo idle in deteiminmg the amount of digestion undergone by the lat- 
tei This Mas shoivn by the following expeiiment 

In a senes of six tubes, the usual ti39sm solution was added m 
ascending amounts, from 03 to 0 Scc,to 05 cc of 2 per cent serum 
A second (duplicate) set of mixtmes was prepaied The contents of the 
fiist set of tubes was at once added to six tubes containing 2 ec of the 
casein solution, the contents of the second set was added in the same 
mannei, aftei a dela3 of fifteen minutes Both sets w'ere incubated for 
tw’o houis, aftei which acetic acid w'as added In the fiist set, precipita- 
tion occurred wutli 0 4 c c of ti3psin, in the second wuth 0 6 c c of tryp- 
sin These results agree wuth a previous obseivation made by Hedm In 
oidei to eliminate this factoi, it was made a rule in the expeiiments to 
mveit the ordei of pioceduie suggested by Bergmann and Meyer, mixmg 
first the casein and the seium, and adding the trypsin last, in lapid suc- 
cession to all the tubes 

The tempeiatuie of the mixtures pievious to mmng was found by a 
series of compaiative tests to influence very materially the degiee of 
digestion wdiicli occuiied duiing incubation To obviate this difficult)^, 
the solutions iveie alw^ays made up with wuter at a temperature of 70 B 
It has alw 03^5 been assumed b3’’ Bergmann and Meyer that the results 
vaelded b3'' the serum plate and by the casein methods would be identical, 
and the close similarity between the statistics obtained by them and by 
Bneger seemed to substantiate this view Theoretical^, however, it is 
perfeotl3’’ justifiable to question this assumption, and it seemed to me a 
necessary precaution to test a number of seiums according to both 
methods, in order to see whethei in each case the lesults would prove 
identical This was done wath six seiums, winch differed considerably m 
their antitrjqptic power 

TABLE 1 — COMPARISON BETWEEN THE RESULTS OBTAINED BX THE SERUM 
PLATE AND THE CASEIN METHODS, WITH SIS SERUMS 

Serum 1 2 3 4 fcfa 

Plate method 14 16 17 19 

Casein method 03 04 05 OG 

* The notation of results Is that contained in the pievious description of the methods 
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The correspondence between the results by the two methods is quite 
close It may be regarded as settled, therefore, that the results obtained 
by one method may be unhesitatingly translated mto figures of the other 
Consequently, there can be no further reason for adhering to the plate 
method, as is done by Brieger, in spite of its gi eater difficulty and 
intricacy 

The number of seiums tested in the present series amounted to 104 
Of these 46 came from cases of canceious new growths, 34 from other 
diseased conditions, and 24 from normal individuals, 3 cases of facial 
epithelioma were not included among the malignant diseases, inasmuch 
as they were all characterized by the absence of those symptoms consid- 
ered typical of cachexia, anemia and shortening of life The distribution of 
results can better be judged from a table than from a detailed discussion 
of the cases In Table 2 the number of cases, and the corresponding per- 
centages of the total number in each group of conditions, are stated in 
the column corresponding to that fraction of a cubic centimeter of tryp- 
sin which totally neutralized the inliibitory power of the constant quan- 


tity of serum used in the tests, namely, 1 c c 

of a 2 per cent 

solution 


TABLE 2— RESULTS IN 104 SERUMS TESTED 





CANCDS CASES 






0 1 02 

03 04 

05 

06 

07 

Total 

Number 


4 16 

18 

2 

6 

46 

Per cent 

0 0 

9 35 

40 

4 

12 




OTHER DISEASES 





Numbei 

2 

10 12 

10 



34 

Per cent 

0 7 

29 35 

29 

0 

0 




NORMAE 





Number 

2 

14 8 




24 

Per cent 

0 9 

58 33 

0 

0 

0 


Certain sti iking features of this table 

are at 

once evident 

It is 


noticeable that 16 per cent of the cancer cases show inhibition above 0 5 
of tr3q)sin, whereas none of the other serums reach this degree of activity 
On the other hand, none of the cancer serums fall below 0 3, whereas 
other conditions average 8 per cent below this figure The mean of the 
cancer cases is 0 57o, the mean of the other diseases is 0 44 The mean of 
noimal serums is 0 369 Looked at from another standpoint, the table 
shows that 56 per cent of the cases of cancer fall above 0 4, whereas only 
29 per cent of the serums from othei diseases belong m this category, and 
the normal serums without exception fall below 0 5 

These results may be considered either from the standpomt of their 
diagnostic value or as purely biological phenomena, of interest as beannc^ 



IIG ASTITRIPTW ACTIVITY OP TIUMAP SBRVU 

on the geneial piohlem of cancel Diagnostically, it is at once appaient 
that seiums which inhibit moie than 0 5 c c of the trypsin solution are 
with a Aeiy high degiee of piohability to be classified as of cancerous 
origin On the othei hand, so small a peicentage of cancel cases falls 
wichin this gioup — about 16 pei cent — that the advantage deiived is 
of lathei small significance in the solution of piactical clinical pioblems 
]f the inlnbitioii of 0 5 c c of the tij'psm be taken as the criteiion, it is 
found that 5G pei cent of the cases of cancer and 29 per cent of other 
conditions fall together in this widei gioup. Unquestionably, the ovei- 
lapping of the cancel seiums by those from olhei diseases in this group 
appeals to be much too extensive to permit of any diagnostic conclusions 
On the other hand, if the 10 seiums fiom othei diseases falling under 0 5 
be analyzed, it is found that 4 came from cases of typhoid, 2 from cases of 
sepsis and 4 fiom cases of advanced tubeiculosis It is obvious that these 
or similai diseases could, in the gieat ma 30 iity of cases, be easily identi- 
fied, and that, therefoie, the diagnosis of cancel could with a certain 
degiee of probability be piedicated fiom the deteimination of this degree 
of inhibitoiy activit}'- in a serum, b}" a piocess of exclusion of the other 
conditions which might give rise to similar degree of inhibition Tins 
conclusion, unsatisfactoiy as it is, agrees substantially inth hat drawn by 
Herzfeld On the other hand, in view of the fact that onl ^ a little more 
than one-half of the cancel ous serums evince this degree oi inhibition, it 
IS deal that a lower degree of inliibition — a so-called "negative result” — 
cannot be mteipreted in the slightest degree as evidence against the 
existence of cancer If, howevei, a serum falls below 0 4, there is a prob- 
abilit} of 90 pel cent that it does not belong to a case of cancer 

The conclusions which may be diaivn from the determination included 
in this series agree in some particulars with those of the German observers, 
while the)’’ differ in others In the first place, it appears that Bergmann 
IS coriect in objecting to the description of the reaction as characteristic 
of cases of cachexia A considerable numbei of the cases of cancer which 
possessed an inhibition of 0 5 were not in the least cachectic, and the same 
holds true of several of the serums fiom other diseases falling in the 
same gioup On the other hand, some of the serums evincing a lower 
degree of inhibitory activity were taken from distinctly cachectic indi- 
viduals 

The distribution of the cases differs somewhat markedly from that 
determined by Brieger and by Beigmann, since in the present series the 
percentage of eases of cancer showing a high degiee of inhibitory activity 
is considerably smaller, while the percentage of other diseases is consid- 
erably'^ larger than those found in the earlier observations The figures. 
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ho^^ever, compare veiy satisfactorily intli those found by Herzfeld The 
differences are prohahty attributable in part to certain differences m tech- 
nic, but chieflv to a different selection of cases, inasmuch as the controls 
of the present series weie chosen, in very large part, fiom such diseases 
as are known to give an inci eased antitryptic index, namety, the infec- 
tious conditions 

Judging the reaction fiom the standpoint of its purely theoietical 
interest, it must be admitted that the data are unfortunately not of a 
chaiacter to permit of any very fundamental deductions In the first 
place, it is apparent that increase in the inhibitory value of a serum is 
not at all exclusively chaiacteiistic of cancer, and in the second place 
that a considerable numbei of advanced cases of cancer do not evmce any 
such increase A compaiison of the mean value of cancer serums, 0,515, 
with those from other diseases, namely, 0 44, indicates that the inclement 
in cancer as compaied with other diseases is a matter of degree rather 
than of kind On the other hand, it must be admitted that this differ- 
ence, although simply and solely one of degree, and not of kind, is a very 
stiikmg characteristic of more than half the number of cases of cancer, 
■while it is entirely laclang in normal individuals, and is present in other 
conditions generally as an accompaniment only of veiy severe and serious 
general infections In cancer, it may be piesent before there is any 
cachexia oi marked impairment of the general health The explanation 
of this phenomenon is one which must be considered of great interest in 
its bearing on the influence exerted by the cancerous growth m its host, 
the human patient 

As is now faiil}" well understood, this problem is second in interest 
only to that concerning the origm of the disease itself The cause of a 
great part of the distiess of malignant disease, and m a large proportion 
of cases the direct cause of I he fatal outcome, or of susceptibility to the 
inteicuirent causa mortis, is the anemia, wealmess and cachexia caused 
by the neoplasm The natuie of this influence exercised by the growth 
on the general economy is, however, entirely obscure While certain 
ini estigators attribute these effects to a soluble circulatmg toxin (Le}*- 
den^°) secieted or produced by the giowth, others absolutely deny any 
such effects and trace the general deterioration directly to the local dis- 
tuibances of nutrition produced by the mechanical conditions of the 
giowth Tliey assert, m other words, that malignant tumors cause dis- 
tuibances of nutrition only to a degree which would he exactly paralleled 
bi benign tumors occup5mg the same spatial relationship (Blumen- 

10 Leyden In discii'^sion Deutscli med Wclinschr , 1904, xxx, 1480 
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iliaP^) Unquestionably, the existence of such a change in the serum as 
that denoted by the mciease of its antitiyptic power in cases of cancer 
has an inipoitant beaiing on this gcneial pioblein, and it is of importance 
that it should be propeily understood 

Uoi a numbei of leasons, howevei, a satisfactoiy explanation of the 
phenomenon is at the piesent time impossible In the first place, it does 
not seem to liave been as yet appieciated by an) of those who have dealt 
with this pioblem that the) aie not actually, as they aie apparently, 
measuiing the antitiyptic ^alue of the serum in this leaction Some 
years befoie tlie antitryptic leaction vas discovered, it was shown by 
Delezenne and Pozerski, and by Hedin,’- voiking with different meth- 
ods, that serum contains not only an antitryptic element, but also a 
tiyptic (or ti)psin-like) ferment The former is contained m the albu- 
min fi action of the serum, the lattei in the globulin fraction The 
same conditions have been found to maintain of a lennet-Iike ferment, 
and of antiiennin, which exist side by side in the serum of the horse 
The inteipietation of these facts ofleis certam difficulties from a theo- 
letical standpoint, but the facts themselves seem to be very definitely 
established It follows, theiefore, that the antitryptic reaction is a meas- 
uie, not of the amount of antitiypsm in the serum, but of the balance 
lietween trypsin and the antitiypsm which the serum contains The 
inciease in the inhibitory activity of a seium might conceivably mean that 
the antitrypsin had remained constant and the tr)q)sin had dimimshed, 
or that both had inci eased, but the antitiypsm to a greater extent, or 
that both had diminished, but the trypsin to a greater degi’ee It is 
appaient, theiefore, that the present methods reveal only the most ele- 
mental y data regal ding the amount of antitrypsm in the seium 

In the second place, although the reaction has been very generally 
called an ^^antitryptic’^ reaction, theie is no valid reason at the present 
moment for so regarding it It is antitiyptic in the sense that it measures 
the inhibition of tryptic activity, but not necessaiily in the sense that it 
measures the amount of antitrypsin or antibody to trypsm In the same 
way all human serums to some extent inliibit the hemol)tic eSect of sapo- 
nin, it would, however, be entiiely unjustifiable to argue from this fact 
to the existence of an ^^antisaponin ’’ It is, however, a matter of very 
considerable importance in the interpretation of the “antitryptic value 
of serums to determme whether or not these values are to be regarded as 
attributable to the presence of varying amounts of true ^‘antitrypsm 


11 Blumenthal, E Untersucliungen, etc Verliandl d Komm f KrebsforscU 

Deutsch med Wclinsclir , 1904, -sjo., 1483 

12 Hedin, S G Biocliem Jour, 1906, 484, Antitiyptic Action of Serum 

Albumin Jour Physiol 1904, 391 
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The assumption that such is actually the fact has led to the formulation 
of two theories of the mode of oiigm of this antitrj^sin By those who 
consider the increase in antitiyptic value as faiily characteristic of cancer, 
its presence is explained as a protective reaction to the occurrence of a 
ciiculatory trypsin, or trypsin-like ferment, derived from the cancer 
That such feiments occur 'in considerable quantities in cancer has been 
amph demonstrated by Buxton and Shaffer By another set of investi- 
gatois, notably Wiens and Schlecht,^^ the antiferment is interpreted as a 
v'jpecific reaction to the presence of a circulating trypsin of the same char- 
acter, freed, howevei, by the disintegration of the poljmuclear leucocytes, 
vhich aie well Imown to contain such a ferment These investigators 
believe that theie is a very distinct lelationship between leucocytosis and 
the degree of antiferment activitjq and thej explam on this basis the 
occurrence of the reaction both in cancer and in certain infectious condi- 
tions Plausible as this theory appears, especially when illustrated by 
paiallel curves of leucocytosis and of antitryptie activity, it is beset by 
ceitain veiy material difficulties It is, for example, very difficult on this 
basis to explain the fact that in rabbits the leucocjdes possess piactically no 
ti}ptic powei, or at the best a very slight degree, while their serum has a 
notable degree of antitryptie activitj- , m dogs the conditions are reversed 
It IS evident, therefore, that before any attempt can be made to explain 
or interpret tlie increased antitryptie activity of serums in certain condi- 
tions of disease, notably cancer, it is imperative to determine the charac- 
ter and the cause of this activity It is not permissible to assume that it 
IS due to the presence of an antitrypsin It is perfectly conceivable that 
this form of activity of serum is simply an accidental function of the 
seium globulin, and that it vanes in proportion as this varies, in which 
case it would belong in the same category as the ‘'‘'antisaponin” activity 
of the serum At all events, until these crucial questions are settled, it 
IS haidly reasonable to expect any further advance in the interpretation 
of the interesting biological phenomenon which forms the subject of this 
paper 

414 East Twenty-sixth Street 


13 Buxton and Shaffer Enzymes in Tumors Jour jMed Research, 1905, new 
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14 Wiens and Schlecht Die Be7iehungen der Leukoevtose zur Antiferment 
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SOME CASES OE LOW TEMPEEATUEB 

J F MUNSON, ll D 

Resident Pathologist, Cinig Colony for Epileptics 
so^\^A, X 1 

In llie coiiiPo of tlie medical woik of tins institution, there have been 
lound not infiequentl}, patients iihose tempeiatuies aie too loiv to be 
leffisteied bj the oidinaij clinical tbeiinoinetei Observations ivitb crude 
substitutes in one oi two cases sbmvcd that suipiisingly lovi’’ temperatures 
vcie leached In oidci that these cases could be properl}’^ lecorded, 
‘special tbeimomcteis ivcic piocuied, leading to a veiy loiv point, and an 
01 del issued that in all cases in Mbicb the tempeiatuie nas too low for 
the oidinaiy instiiiment, one of the special tbeimometers should be 
obtained and a pbisician on the seivice should contiol the readings by 
peisonal obseivation 

Yaiious eirois nia} entci into such woik, as follows 

1 Inaccuiate instiumenis The instruments used are standardized 
onh belli een 95 and 110 and bad the oidinary certificate of accuracy 
The loiiei leadings wcie not tested One of the instruments used, bow- 
eiei, has been sent to the Buieau of Standards, Washington, and their 
lepoit sboiis that the aveiage oiioi is +0 25 degrees 

2 Too sboit exposuie to the bod}' tempeiatuie to obtain propei reg- 
isliation The p]i}sician’s obseivations should control this point Ten 
minutes in the lectuin is oui lule in tins class of patients 

3 Inaccuiate leadings The low temperature should be occasional 
and inconstant, weie this factoi of importance 

4 The condition of the lectum It is almost a loutine proceduie to 
give cleansing enemas in oui low-giade cases in the sick ward, so great 
aie the dangers flora constipation These enemas aie natuially hot and 
should tend to raise the tempeiatuie 

5 These cases have occurred at intervals in several different services 
This eliminates to some extent the personal equation, in that similar 
observations have been made by seveial different physicians and nurses 

6 The regulai course of the fall is proof of the general accuracy o 
the woik, as the cuive would be iiregular, were the low temperature 
due to any of the sources of error above cited There are two cases pre 
sented below in which the course of the temperature is quite irregu ar, 
but in these, the readings check one another during the rise and fall 
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It IS "witli some liesitation that I submit these cases Of late^ I have 
used every oppoitunitj^ to question institutional people on this subject, 
and my statements have been met at times with lifted eyebrow or open 
skepticism There are, however, occasional reports of such conditions in 
the literature Oslei^ quotes a case of acute alcoholism, m which the tem- 
peratuie on admission was about 75 and ten hours later had risen to 91 
Zieglei states that complete recovery has been observed in man after 
1 eduction of the body temperature to from 75 to 86 F 

There aie numeious cases in our records in which temperatuies of 

94 to 96 F aie lecorded, but these have not been mcluded in the present 
lepoit Theie uere 18 cases which seemed worthy of note 

Case 1 — ^Patient, E C , Eo 17G7, an epileptic idiot, female, admitted 
March 1, 1905, aged 14 On December 12 it nas observed that she looked ill and 
che was put to bed Her temperature was found to be 91 2, pulse 70, respiiations 
IS She groaned as if in pain Head and lower extremities strongly flexed 
Increased %esicular breathing Abdomen rigid, recti stood out distinctly, 
tympanitic, pressure caused pain Later in the day the temperature was below 
90 per rectum, the thermometer registering no lower 

The following day the temperature rose to 95 and she vomited twice, the first 
material having a fecal odor and the second that of the ordinary stomach contents 
At the end of the day she was much weaker and vomited again She died at mid- 
night A temperature four houis previously was not above 90 F Autopsy showed 
pulmonary tuberculosis and partial obstruction of the ascending colon 

Case 2 — ^Patient, S F , No 541, female, admitted Jan 11, 1900, aged 14 
■sears, feeble-minded In the latter part of 1905 she suffered with enteritis This 
improved, but she died of pulmonary tuberculosis The last day, be'tween 4am 
and 7am, the patient s temperature sank from 98 to 92 She died at 11 a m 
Case 3 — Patient, M H, No 2072, female, admitted Oct 9, 1906, aged 17, 
fair mentality On iMarch 4, 1907, she refused her food and in the afternoon was 
found in a state of collapse, pulse regular but small and weak ISIarked pulmonary 
signs When first observed, pulse -aas 120, respirations 30 and temperature 96 2 
In the course of four hours the patient died -with a temperature of 92 1 F and 
respirations of 8 per minute General tuberculosis uas found at autopsv the 
immediate cause of death being perforation of a tuberculous ulcer of the hovel 
Case 4 — Patient, H E H , No 2025, male, admitted June 21, 1906, aged 61, 
Mas quite demented In November, 1907, the patient bad erysipelas For some 
time after the patients temperature was about normal, it suddenly dropped to 

95 8 F to return at once to 98 8 F and once again to drop to 89 4 F , after which 
it again rose to 99 4 F It continued slightly subnormal for some time, and then 
was normal -with only two sharp drops to 94* 2 F and 94 4 F Later the temper- 
ature became rather irregular and dropped in two days from 99 4 F to 89 6 F 
.Uterward it tv ice went to 94 F and then ranged from 97 to 98 F , with occa- 
'sionallv 95 5 F to 96 F Shortly before death it was 95 and rose at death to 
98 F Pulse had disappeared toward the end Brain showed slight internal hydro- 
cephalus and marked arteriosclerosis 

Case o ^Patient T F, No 89 <, male admitted at 15, became a dement, 
remaining in the colony seven years He gradually declined and was put to bed 
in the sick vard Tlie temperature pulse and respiration Mere normal but the 

1 Osier Principles and Practice of Medicine, 4th ed , p 380 
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patient appealed ucak and excited on Xo\ 11, 1907 On the 17th it ivas noted 
that the patient’s teniporatnic was subnormal and his body quite cold. The pulse 
A\as feeble and he was stimulated by strjclmm and whisky and hot-water bottles 
The temperature ^^ns 70 F and later in the day dropped to 75 F one hour and 
twenty-five minutes before death, this being the lowest temperature noted Autopsy 
showed old tubeiculosis, with sonic actne changes, and chronic parenchymatous 
nephiitis 

Case G — ^Patient, Ko 1305, male, admitted Xo\ 30, 1902, at age of 25, an 
imbecile Eiysipelas in lOO'l, pos'^ible tuberculous abscess of cnsiform piocess, 
which reclined once in 1005 Ulcer on neck in 190G lie was an idle dement in 
fair plnsical condition Earh' in 1007 he began to degenerate phjsically, and on 
April 20 it was noted that his skin was unusualh cool and it was found that his 
temperatuie was 05 F , with no pulse at the wrist, dropping to 78 F and rising to 
about 82 to S3 F at death There were no puhnonaiy signs Eespirations ranged 


Chart 1 — Low temperature in Case 6 

from 32 to 42, and tw'o hours before death they were 3C Blood-counts showed 
marked leucopenia, the aveiage count being between 1,200 and 1,500 
emm Autopsy showed peculiar shape of tentoiium with unusual shape of the pos 
tenor part of the cerebial hemispheies, arteiioscleiosis of the cerebra vesse s, 
bronchopneumonia and mteistitial nephritis, caseated mass in the wa o e 
right ventricle, to which the peiicardiura was closely adherent, and fatty liver 
Case 7 —Patient, H 0 , No 1703, female, admitted Dec 12, 1904, aged 41 , a 
dement in feeble physical condition Several minor infections were note uring 
the residence at the colony, among them, erysipelas of the leg and thigh, an a ei 
bed-sores The last notes show that there were cough, bronchial breathing, ana 
tympanitic note over the left apex in front, without rales Pulse wea ' e 

last the respirations varied from 18 to 30 and the pulse from 70 o 
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temperature \\as 08 T on the Slst, 96 8 F on the 1st, 97 2 on the 2d, 94 2 on the 
3d, 97 on the 4th, and death at 92 F on the 5th 

Case 8 — Patient, F W, No 434, female, admitted in December, 1898, aged 
25, feeble-minded The later notes report her as a medium-grade imbecile in good 
general health On March 10, 1908, she refused her supper and, looking ill, was 
put to bed She uas slightly stuporous but said she felt well Temperature 94 
F , pulse 48, respirations 22 Extremities, breasts and forehead were cold 
Auscultation showed moist rales in the bases and in the right axilla There was 
also impaired resonance and harsh breath sounds over the upper front The 



Chart 2 — Case 7 


patient steadily failed and the last temperature recorded before death was 91 F, 
pulse 70, respirations 40 

Case 9 — Patient, C C R , No 1860, female, admitted Aug 31, 1905, aged 15, 
an epileptic idiot During her residence heie there was one attack of enteritis 
and occasional subnormal temperatures On November 19 the temperature was 
90 4 F On the 25th, temperature nas 91 or below, as this was the point to which 
the mercury column had been shaken down and no rise had taken place Bed-sores 
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Chart 3 — Case S 


•ncre present Collapse, prostration emaciation marked her illness The temper- 
ature rose but she died, her temperature at death being 97 2 F Autonsv shon ed 
fibroid phthisis 

Case 10— Patient F R , No 353, female, admitted Julv 13, 1898 aged 47 
mental status fair It was stated later in her residence here that she probablv 
had interstitial neplintis In 1906 there were signs of beginninrr tuberculosis 
On Sept, 21, lOQG, she sho^^ed 'flight trace of albumin m the urine with epithelial 
and vaxy casts There nas some edema of the ankles and nausea and headache. 
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increased Llood-prossurc, and louglicncd aortic second sound Some nausea and 
vomiting continued October 23 theie i\ns labored brcatlnng The temperature 
diopped from 99 P to 90 F , the e\ticmities wore cold and tlie pulse irrefuilar and 
weak Tlie iiiino contained albumin but no casts The patient’s condition nradu 
a]l3' failed and she died Oct 25, I90C, the tempeiatuie havinpr dropped to 89 F 
and then iisen to 91 P on 



Cliai t 4 — Case 0 

Cask 11 — Patient, G L P, Xo 1G9C, male, admitted Xov 30, 1904, aged 20, 
mental condition pooi Pulmonary edema and hemorrhage were reported three 
times Unfoi tunatel j , the later clinical notes arc not available, but from personal 
knowledge the patient had oiysipclas and was recovering when llie tempeiature 
began to go dovn as noted in Chart G The temperature diopped to 90 6 F, rose 
again to 97 2 F , and shortlj hefore death ■\^ns 87 5 F 



Chart 5 — Case 10 


Case 12— Patient, A C, Xo 1854, female, admitted Aug 
In May, 1907, she complained of pain in the region of the right kidney is 
tinued and there was slight nausea and vomiting The temperature vms ’ 
pulse 78, lespirations 24 She was thirsty and the legs were slig y e 
There avere a few moist rales in the bases of both lungs Her condi ion grew 
and the pulse at the wrist disappeared A urine evamination a coup e o 
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before death sho\\ed albumin and sugar, with casts The condition became stead- 
ily worse and the patient died siy days after the first complaint of pain in the 
back, heart -1 ate being G4 Temperature i cached 89 8 T , rising to 95 2 at death 
Autopsy showed small nodule of solidification in the upper lobe of the light lung, 
“probablj tuberculai ’ Capsules of kidneys were adherent and the surface was 



Chart G — Case 11 

pale and mottled The usual stiiations were not easily seen Histologic examina- 
tion showed paienchymatous nephiitis, pancreas normal 

Cash 13 — Patient, II N P , No 521, male, admitted Nov 21, 1899, aged 12 
IMental condition on admission good During his residence at the colony he 
detenoiated both mentally and physically On Dec 1, 190G, this boy had serial 



':oi7urcs, which recurred on the 9th A subnormal temperature de\ eloped a tem- 
perature of 05 F being noted on the 1st, 94 5 on the Gth, 78 5 on the 12th and 7G 
r at the time of death Pulse was impalpable at the wrist and aaried from 72 
to OG Respirations were generally 18 




CASnS OF LOW TEMFFjFATUJW 

14-— Pntionl, G. W S, No 1804, male, ndiniltod June 19, 1905, af^ed 
lO’/l. jeais, feebleminded About, a monlb after admission ho developed serial 
attacks and rapidlj sank into unconsciousness and died Aug 2, 1905 The temper 
atuie ran an irrcgulai com so, reaching 102 4 P at the highest point As death 
approached, the tempera lure fell, i caching at death 81 F The pulse was rapid, 
being 114 to 14S Sliortlj before death the pulse rate was 00 to 06 Respirations 
on the whole giadually rose, 14 being the lowest and 00 the highest 

C’Asn 10 Patient, J P, No 747, male, aged on admission 52 This patient 
complained, in the spnng of lOOS, of hematuria, which condition evisted m vary- 
ing degree till death A tumor was strongly suspected On April 16, 1909, the 
temperature dropped to 97 F , following this foi a few dajs it remained approv. 
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Chait 8 — Case 13 


imately normal and on the 20th diopped to 96 It remained at tins point till the 
end of the 22d, when it fell to 93-94, and dropped again on the 24th to 91 J-in 
continued till the latter part of tlie 26th, when another drop took place, ei „ 

leached On the latter part of the 27tli temperature rose to 91, after 
steady fall took place throughout the 28th, ending early in the moaning oi a 
29th, with the death of the patient at a temperature of 73 P Tie 
gradually become imperceptible at the wrist and was for some time s owe ’ 

but rose to 70 80 before death Respirations not acceleiated Autopsy sh 
caicinoma of the bladder and ascending pyelonephritis 
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Casi: 1G — ^Patient, R R , Ko 1524, female, aged 7 on admission Previous to 
this patient’s death the temperature ran a distinctly irregular course, being at 
times subnormal for dajs and again reaching 103 to 104 F On March 30 and 31 
and on April 1 there ^^as a period in which the temperature \aried between 91 and 
94 Tins ^^as succeeded by a speedy rise <o that on April 5 the temperatuie 
reached 103 A sharp drop occurred and on the Gth 90 vas reached Following 
this a gieat irregulaiity was noted, changes of 91 to 99 8 being noted Avithin six 
hour'5 After this period the temperature rose to normal or above and so con- 
tinued till death Pulse and respirations uere occasionally slowed, a pulse of 48 
and respirations of 12 being the lowest Red blood cells \sere slightly reduced, 
vhitc corpuscles about normal Death A\as caused by acute dilatation, chronic 
cndocaiditis and pulmonar\ tuberculosis: 
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Chait 9 — Case 14 


CvsE 17— Patient F Iv , Xo 390 female, aged oG on admission On Feb 28, 
1905, it vas noted that ahe appeared veak and she vas put to bed There nere 
numerous: bruises and an infected toe from a\hich the infection had extended up 
the thigh The infected area ^^as incised and dressed The patient presented 
symptoms of collapse, the temperature being low, the pulse weak and respirations 
rapid On :\rarch 2 the hunphangeitis was somewhat improved but the patient 
was in a %erv i\eak condition On the 4th her temperature vas reported as sub- 
noimil the breathing superficial the radial pulse imperceptible. The temperature 
duniitr the li=t few daas of her illness i\as from 90 P to 103 F The pulse sariecl 
from 00 to 9 g respiration irregularly accelerated Autopsy shoved brown 
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atroplij of ]icarl, jiiodorate alliejomn, lijposlatic congestion of lungs, cinhotic 
and iniiy kidnejs, atjpical nutmeg Iner 

Cash 18 ^Patient, A S, 2^o 2523, male, aged 54 3 here uere symptoms 

in this case suggesting focal disease of brain For some months a chart showed 
a tempeiaturc Aar^Miig from 00 to Op F Just preiious to his death the tempei- 
ature had boon normal or slightlj eleiatcd, 100 4 being reported on iipnl 1 
Ite'^pji ations lan 10 to 18 till about si\ lioiirs before death, rising then to 40, 
and one hour preiioiish to 0 The pulse failed some Iwchc hours before death 
Ilcait sounds woio faint and distant, finallj at times inaudible, at 5 05 a m 
inaudible with stethoscope thej did not reappear Death at 10 02 a m with 
temperature of 814 F Wliitc count shorth before death 3,487, rods, 2,925,000, 
hemoglobin, 00 Uiine lenioxcd per catheter shorllv bcfoio death showed numei 
ous In aline casts hut no .ilbiiiiiin Aulops} showed biaiii tumor 



Chart 12 — Case 17 


The causes of death m these cases woic as follows 

Tuberculosis ® 

Pneumonia ^ 

Inanition 

Acute abdominal conditions (in lubciculous cases) 2 

Eiysipelas ^ 

Nephritis ^ 

Diabetes and Bright’s disease ^ 

Carcinoma of bladdei ■\villi ascending pj'clonephiitis 1 

Cardiac dilatation, chionic cndocauiitis ^ 

Evhaustion ^ 

Biain tumor ^ 

In looking over these cases, the following ’vnll be noted 

1 The majoiity of the patients were of low mental giade 

2 Some infectious condition was present in almost all the cases n^eu 
monia, tuberculosis, erysipelas, and pyelonephritis were among t lose no e , 
together with acute abdominal conditions 

3 Chronic conditions loAvering the vitality of the patient weie o en p 

4 From the foregoing it aviII be seen that hypothermia has occuried in im 
grade patients, suffering with some acute or chronic infection, or wi i a c i 
w’asting disease The low temperature is usually agonal, or preagona 
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AYhat lole is placed by tlie fact that tliese people iieie epileptics^ with 
a naluially unstable neivoiis system, is impossible to state Tlieoiies as 
to the causation of this condition might be 

IntOMcation from nbsoibod bnctcnnl oi other tovins 
Disturbance of tbo lieat icgulalnig mecbnmsni 
Deficient o\iclntion 
Failure of cnculntion 

It is interesting to iccall heie that bacteiial cellulai poisons, as well 
as some of the poisons to be domed fiom the pioteid molecule, cause in 
expeiimental animals a fall of tempeiatuie quite similar to that seen in 
some of tliese cases, especially in Cases 13, 14. 35 and 18 The rapidity 
is, of course, veiy dilTeient, days being consumed in the human cases 
lieie mentioned, wlieieas houis aio consumed in the animals 

In conclusion I wish to thank my co-woikeis at the Colony for the 
use of the clinical niateiial fiom then sei vices and foi their helpful 
suggestions 



THE PEOBLEj\IS OE EXPEEIMBNTAL HEPHEITIS 


RICHARD M PEARCE, U D 

' NEW YORK 

Oni piesent kllo^\ ledge of nephritis is the result of the methods of 
clinical obseivation, pathological anatomy and. experimental pathology, 
Euccessively applied By means of the hist of these, Pichaid. Blight, in 1827, 
demonstrated that albuminiiiia and. dropsy had an intimate relation to 
ceitain pathological changes in the kidney Studies in pathological anat- 
omy during the following years led to the differentiation of several types 
of nephritis, and, finall}’’, to a classification based on moiphological alter- 
ations I do not think it an exaggeration to say that clinical obsei ration 
lias added little of essential impoitance to Brighfs original conception of 
eight} years ago, or that pathological anatomy has added little to 
Weigeit’s classification, which has been generally accepted foi thiity years 
Blight’s views, it is true, have been amplified, certain phases of the rela- 
tion of renal disease to caidiovascular disturbances have been moie cleailv 
undei stood, and much negative evidence concerning uremia and edema 
has accumulated, but little has been added by clinical methods to our 
knowledge of the intei relation between a kidney lesion and its manifes- 
tations The methods of pathological anatomy have given a classification, 
based on caieful study of the gross and minute lesions of nephritis, and 
with these have been coirelated in a more oi less satisfactor}’’ way clinical 
manifestations and changes in the urme This most important period 
of anatomical study began in iSol, with Ererichs, who consideied all 
foiiiis of nephiitis as stages of a single process, beginning as an acute 
nephiitis and ending as the small granular kidney, the period terminated 
uith Weigeit, uho, in 1879, demonstrated conclusively that Ererich'j’ 
stages do not lepresent the successive changes of a single lesion, but are 
distinct t 3 ^pes of nephritis, caused bj various injurious substances acting 
during larjing peiiods of time, and representing the varied reactions of 
kidnc} tissue thus influenced lYeigert*s mcu is the one held to-daj 
More recent studies by improved histological methods have added to our 
knowledge conceining certain details, especially in regard to the glomeru- 
lai changes the sequence of lesions and ceitain unusual types of nephritis, 

• Hnr\ey Lochiro Dclnorcd Oct 30, 1900 
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but the methods of iiathologieal anatom}' otTci no piomise of an inteipie- 
tation of the impoitant pioblems of this man} -sided disease 

The application of the experimental method to the study of lenal 
disease is not a iccent development. Foi many }eais expeiimental lesions 
of the kidney have been utilized, and uith giatifying lesults, in the study 
of the sequence of tlie histological changes occuiiing in nephritis With 
such studies, cssentiall} anatomical in natuie, have been combined, in 
lecent }eais, investigation by methods which allow an inteipietation of 
changes in function, upon which moiphological studies thiovv no light 
Such investigations necessaiily demand the methods of chemistry and 
ph}siology, and we have witnessed in the past few }eais the curious 
spectacle of pathologists tinning fiom the methods in which they vveie 
tiaincd to those of the physiologist and chemist in which piesumably 
thev had, oiiginall}, little oi no tiaining Investigation by such methods 
IS teimed “expeiimcntal patholog}’' mciely because the pathologist, 
despaiiing of the anatomical method, has seen tit to adopt them in the 
study of alteied function It is to ‘;uch methods that we must look foi 
an advance in oui knowledge beyond that which has been possible by the 
methods of clinical medicine and jiathological anatomy, and if the path- 
ologist IS ciiticized, as fiequentl} happens, foi appiopriatiug the methods 
of othei sciences and foi applying to the field of endeavor thus cieated 
the teim ^‘expeiimental pathology,” it is sufficient to point out that the 
physiologist and the chemist, as well as the pharmaeologist who shaies 
the same methods, have with few exceptions limited themselves to the 
field of noimal function 


That nephiitis has been one of the piincipal objects of attack by 
these methods is in jiait due to the importance of the disease, and in pait 
also to the fact that the kidney lends itself veiy leadily to experimental 
study And, moieovei, although th6 lesults of experimental study may 
not alw'ays be applied to explain disease in man, it must be evadent that, 
owing to the peculiaiities of the stiuctuie and function of the kidney, 
results of expeiimentation with this oigan have a veiy definite applica- 
tion Thus, some aspects of etiology, the almost specific action of ceitain 
substances in picking out ceitain kidney stiuctuies, the chaiacter of 
acute lesions and the relation of these to clnonic lesions, questions of 
repair and regeneration, the mattei of cast foimation and the souice of 
albumin, are problems wdiich, when elucidated by animal experiments, 
can readily be transcribed to explain similar pioblems in human nephritis 
But aside from these, the experimental method offers hope, m part 
already realized, of a solution of the moie prominent problems of lenal 
edema, of anuria, the question of the i elation of renal disturbances to 
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]i3perteiision and licait liypertiopli}', and the most important, though at 
pie=ent the mo=t liopeless, problem of uiemia 

Here I ma} at once call }Our attention to the fundamental problem 
of experimental nephritis, that is, the influence of the glomerulus as 
contrasted uilh the influence of the tubule This enters into all phases 
of renal palholog}^, in some pai trail} elucidated, hut in most still a mat- 
ter of doubt and speculation The dual stiuctuie of the kidnej" is 
responsible foi the difficulty •nhich ue have of mteipietmg the physiology 
as veil as the pathology of this organ AYe are familiar -with glands in 
vhich diffeient t^pes of cell are concerned in the elaboration of different 
chemical substances, and vitli those m which cells are modified to pro- 
duce an inteiiial, as contiasted vith an external secretion, but the kidney 
stands alone as an organ with two widely different structures, haring 
for a common object the elimination of a single fluid representing the 
products of metabolism Tins is not the place to discuss the significance 
of this sliucluial peculiar itj and its bearing on the function of the 
kidney, though it must be considered in vhat follows It may be pei- 
initted, hover ei, to point out here that the glomerulus, as has been 
emphasized by Beddaid. is a stiuctuie vithout analogy elsewhere in the 
bod} except, peihaps, in the choioid plexus of the brain, and that the 
uiinaiy tubule differs from all othei gland tubules in its length and com- 
plexity On these peculiarities of structure, coupled vith the peculiaiities 
of the renal cii dilation, depends the porvei rvhich the kidney has to 
lemore fiom the lilood-stream the fluid and solids which constitute the 
mine Tf ve disregard the one s}nthetic process of rvhich rve hare posi- 
tire knov ledge, the formation of hippuric acid from benzoic acid and gl}- 
cin, the essential function of the kidney is one of elimination, vith the 
impoitant feature that the resulting fluid contams all of the soluble 
components of the blood except its protein constituents and dextrose — 
m a dilicient percentage, it is true, but still the same substances 

If ve accept depaituies from noiinal elimination as evidence of dis- 
turbance of kidney function^ the pioblem of experimental nephiitis is to 
del ermine the part pla}ed in this disturbance b} glomerulus and tubule, 
respeclirel} This mar be done by the use of pin siological methods vhicli 
graphicallr demonstrate alterations in vascular reactions and by compar- 
ing such lesults with those obtained by chemical study and eventuall} 
coi relating both vith the anatomical changes B} such studies of simple 
phases of the problem of nephritis, enough has been accomplished to 
V arrant then continuance with the prospect of adding essentially to 
our knov ledge of renal patholog}. 
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'IJiG study of expciinienlal nephiiiis may be expected, howevei, to do 
nioie tlian explain the sequence and significance of patliological changes 
By piodiicing lesions which affect onij certain siiiictnres as the glomeruli 
01 the tubules, oi but ccilain poitions of the tubules, ue ma}'^ expert not 
onh to solve some doubtful points in the pliysiolog}' of this organ, but 
also to obtain data of coiisideiable impoitance to the phaimacologist and 
tlieiapeutist, thus bunging the uoik Jiome to the clinician As a single 
example may be given the study of the effect of diuretics on the diseased 
kidne) as conipaied uith their effect on the noimal Our Imowledge of 
the lattei action is faiily complete, but ue haie veiy little Icnowledge of 
the foiinei The studj of vaseiilai dilatation and contiaction in the 
kidney, the elimination of uatei, the geneial composition of the urine, 
the chloiid-iegulating mechanism and man} otliei points, m distinctly 
tubular and distinctly glomeiular foims of nephiitis, uhicli we are now 
able to pioduce, should }ield piactical infoimation of great value Some 
information in regaid to these matteis uc nou possess, but before it 
can seive as woiking knowledge, extensive chemical and pb} siological 
studies of vaiious foims of nephritis must be made fiom the pharma- 
cological point of view 

I have gone somewhat into detail in this introduction, not only foi 
the purpose of demonstiating the value of the study of experimental 
nepliiitis, but also for the purpose of showing that the ipsults of such 
study aie of inteiest to eveijone concerned with the pioblems of noimal 
and abnoimal physiology — to the physiologist, the chemist, the patholo- 
gist, the phaimacologist and the clinician And, in order to maintain 
interest, if it has been aroused, I shall deal briefly with the methods of 
inducing nephritis, the charactei of the acute lesions, and the relation 
of these to chronic lesions, attempting to set forth cleaily the types of 
experimental lesions Icnown as tubular and glomerulai Tune thus saved 
will be devoted to the moie interesting questions of alteied function 

ETIOLOGY AND CIIARACTER OP THE EXPERIMENTAL LESIONS 

In speaking of the etiolog}'' of nephritis in man, excluding, of couise, 
lesions due to the localization of bacteiia, we use, owing to our inexact 
knowledge, the phiase “soluble toxic substances reaching the kidney 
through the circulation ” So, in experimental nephritis a direct nephritic 
poison must be capable of absorption, of solution in tlie body fluids and of 
causing injury to the renal cells when given m doses so small as not to 
cause death thiough its other actions An indirect poison acts throng 
products formed by blood oi tissue destruction, as with the hemolytic 
poisons, here the action on the kidney is secondary If we exclu e 
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Siegel's expel imenis on llie piodiiction of nephritis the application of 
cold, all f 01 ins of expeimiental neplnilis axe caused by substances falling 
in the aboie classification 

Accoiding to Solbnaun, all metals, so fai as thej have been studied, 
cause nepliiitis, though some act only m coiiosiie doses or when given 
mti avenousl) Othei nephiotoxic substances aie aloin, coal-tar pioducts, 
alcohol, ane':ihetic% oxalates, canthaiidm, essential oils, snake venom, 
iicin, abim, bacteiial toxins, hemohtic poisons and nephrotoxic immune 
«ei urn 

Of these some act ditfusel}', uhile otlieis affect the tubules oi the 
glomeiuli sepaiatel} Only such as have a moie oi less definitely ciicuni- 
■^ciibed action aie of value in pioducing experimental nephritis Thus 
m the gioiip atfecting tubulai epithelium uith little oi no primaiy 
gloineiulai in3ury, ue may place, as most important, uianium nitiate, 
the chromates of potassium and of ammonium, and coiiosive sublimate 
Of those atfecting glomciuli especiall}^ the moie impoitant aie aisenic, 
canthaiidm and snake venom All of these latter have some slight effect 
on tubulai epithelium, piobably secondaiy to circulatoiy distuibances 
dependent on the glomeiulai in^mj, but the latter lesion is so marked 
and so evidently piimaiy that they aie usuall} leferred to as glomeiulai 
poisons Another agent of value in expeiiinental work is diphtheiia 
toxin which combines glomeiulai and tubular in^uiy 

All of these cause the appeal ance of albumin and casts in the mine, 
only uianium nitiate pioduces edema 

Although I have, thus fai, used the teims “tubulai” and “glomeiulai” 
111 lefeience to these poisons they may moie definitely be denominated, 
1 espectiA el} , “epithelial’’ and “lasculai” poisons Until recentl} this 
diMsion uas made on anatomical grounds, that is, on histological evi- 
dence of degeneiation neciosis, exudation oi cell piolifeiation but the 
study of nephiitis by ph}siological methods has bi ought out eiidence of 
the existence of functional glomeiulai in^uiy of extienie grade accom- 
panied bv little if ail} anatomical eiidcnce of vascular lesion These 
methods ha\e abo shown that nephiitides due to agents formerly sup- 
poced to act onh as tubulai poisons piesent. in the late stages of intoxi- 
cation definite e\ idence of vascular incompetency 

Tt is necessaiy theiefoie to describe biiefi} the lesions produced bi the 
more important ncphiitic poisons This desciiption uill be limited to 
tho^e poi=ons c-peciall} discussed in this addiess Tt liouever by no 
moans exhausts the list of substances uhich ma} be used. 

The anatomical changes due to uianium and to the chromates, are, 
in the carh =inge=; confined essentialh to the tubules cspeciall} the 
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coiuoliiied tubules, and consist of gianular oi fatty degeneiation and 
definite neciosis often affecting laige gioups of tubules Conosive subli- 
mate causes similar lesions involving especially the ascending loops of 
Ilenle and cbaracteiized also by the deposition of lime salts In these 
tjjncal foims of tubulai nephiitis no anatomical lesions of the glomeruli 
aie evident in the eail} stage, but in the late stages an ill-defmed thicken- 
ing^ oi the capillaiy walls may sometimes be seen and evidence of vascular 
disluibance is shown b} ph 3 siological methods 

The glomeiulai foim of nephiitis vanes Aisemc, which acts through 
paial-ysis of the capillanes, causes little oi no anatomical change m the 
glomciuli The capillai} loops maj show' slight thickening, the vessels 
inav be ovei filled, and the nuclei may stain peculiaily Exudate into the 
gloraciulai space is usual!} absent, though a slight amount of coagulated 
seium inav be piescnt 13} physiological methods, howevei, it is showm 
that dc'jpite the absence of anatomical lesions, seiious vaseulai injury is 
piesent Tubulai involvement is slight and usually difficult to demon- 
stiate 

Canthaiidin causes a glomciular nephiitis involving botj the tuft and 
the capsulai space The lesions of the capsule have been variously 
desciibed as desquamative, as consisting of a leucocjdic exudate and as 
due to the piesencc of epithelial cells pushed up into the capsule from the 
convoluted tubule L}on has lecently emphasired this latter view and 
also desciibes degeneiative changes in the convoluted tubules and ascend- 
ing loops of Henle vvitli neciosis of the latlei Eunetional tests demon- 
stiate seiious vascular injury 

The venom of the lattlesnake, as I have lecently deteimined, causes 
a veiy lemaikable glomeiulonephiitis of the exudative type Single large 
do=es 01 repeated small doses cause an exudation of seium and fibiin in 
both the capsulai space and the glomerular tuft This exudate is usually 
but not always hemoiihagic Leucocytes aie not prominent, but occasion- 
ally are piesent The tubular changes aie slight or entirely absent 

Diphtheiia toxin is the best example of those poisons which combine 
both epithelial and vaseulai injury Hyalme thiombi are found in the 
glomeiulai capillaries and small arterioles of the cortex in acute and 
intense intoxication The vessel walls show hyaline changes and, in the 
later stages, cyst-like heinoiihages m the tuft (Lj'on) Leucocytes are 
abundant in the tuft and slight necrosis may occasionally be seen (Flex- 
ner) With these changes aie found extensive degenerative and necrotic 
lesions of the convoluted tubules and the ascending loop of Henle 

1 In the uranium lesion, Christian has desenbed hyaline dioplets in the capil 
lary loops 
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TJndoiiMedly, ihe lesion in botli tnbnlar and glomerulai nephiitis 
occur'? m that portion of the kidncj through ivliicli the poison is elim- 
inalecl, thougli this lias not been definitely demonstrated e\cept m the 
case of uranium - 

Fiom this, and oiii knowledge of the elimination of iron thiough the 
conioliited tubules, it seems probable that nepliiitis, due to the salts of 
larions metals, is an indication of in3ur3' at the point of elimination 
The peculiar invohement of the loops of Henle in the coirosive sublimate 
legions supports this view It is not too much to hope that h}^ caieful 
cfudy of such localized lesions, evpeiimental nepliiitis may eventually 
contiibute to our knowledge, not onl) of altered function, but also of the 
nomial phjsiolog^ of the kidiiej 

The glomeiulai lesions likewise must be considered as a special 
nianife'?tation of a geneial injury to capillaiy stiiictiiies, the intensifica- 
tion of that action in tlie glomerulus being due to concentiation of the 
poison at the point of (>limination 

At piescnt, then, we aie familiar wuth several poisons which alfect 
eitliei tubule or gloineiulus, lespectiveh, the injury being recognized 
sometimes by anatomical cliange", sometimes bj functional distuibances 
and =ometimes by both 

The futility of judging of alteied glomeiulai function by anatomical 
changes alone is best illustiated by Takajasu's histological study of the 
kidnejs utilized b\ Schlajei and Hedinger in then investigations of dis- 
tuibances of function in larious forms of nepliiitis Tins woik wall be 
disciwced 111 detail latei Here it is sufficient to state that in aisenic 
and canthaiidin nepliiitis chaiacteiized by constant and seveie distuib- 
ance of lasculai reactions, the glonieiuli presented exudative lesions in 
only 2 pel cent of the kidneys examined, and this anatomical condition 
leached a degiee conipaiablc to the functional distuibance only in those 
kidneis showing total msufficiencj Proliferative lesions of tuft or cap- 
‘:ule weie not demonstrable The only fiequent lesion was increase in 
size of the glomerulai nuclei and an indistinct outlining of the capillarj 
walls due apparently , to an ill-defined thickening The nuclear chan o-es 
11101 coier, occurred in tubular as well as in glomeiular nepliiitis Such 
icsuHs would appear conclusnely to establish the possibility of serious 

2 Sclmcidor workiii" vitli Pcijoiniizon fluiiaith's injected nninnm solution 
in tiic inn«clo of the Inck, niid also sitbcntaneously, and found that h\ the use of a 
liMiiy fluid coinaimni: potassium ferroejanid, picne acid and hvdroclilonc acid, 
the unniuni \ias prcciptatcd as a brownish-yellow deposit in the epithelium oi 
the tubule* 
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functional disluibance with little oi no eiidence of stiuctiual lesion To 
this pioblem I shall letiiin in the discussion of alteied function 

This biief desciiption suinmaiizcs the inoie impoitant types of acute 
injiiiy caused by iiiitanis acting diiectly on the hidney It lemams to 
discuss the i elation of these to the pioduction of lesions which may be 
teimcd chionic nepliiitis, oi aie accompanied by manifestations chaiactei- 
istic of the chionic disease in man The pioduction of such a condition 
has been the object of neail}’’ all woik on evpeiimental nephiitiSj and 
until iceently with no success Lyon, ivho ivoilced ivith canthaiidin, 
diphtheiia toxin and coiiosivc sublimate, with the obiect of following 
acute lesions to then tciminatioii in chionic, found that acute lesions 
lapidly disappeai and that the Iadne3 letuins to noimal Such has been 
the expeiience of many othei in\estigatois, and has incidentally seived to 
stiengthen the clinical obsenation that an acute nephritis, if the causative 
agent he no longei active, ma} go on to cine without tlie development of 
subacute oi chionic lesions This, howevei, is a pliase of expeiimental 
nephiitis wdiich, in view of the ven' leeeut statement of JIullei based on 
clinical obseivation and suppoited by the pathological studies of Lohlein, 
should again be investigated and especially with legaid to the inattei of 
glomeiulai lesions Slidlei cxpiesses the opinion that a chionic nephiitis 
may be the lesult of an acute lesion vnth a piogiessive couise marked by 
acute exaceibations, oi, on the othei hand, theie may be complete cessa- 
tion of symptoms foi many 3feais with eventually a contiacted oi indu- 
lated kidney due to healing by seal foimation 

Lohlein, as the lesult of a vei}'’ caieful study of selected mateiial, has 
shown that manj’- individuals dying of chionic nephiitis present a defi- 
nite histoiy of an acute nephiitis, followed by a quiescent period oi sev- 
eral years, before the appearance of the chionic lesion lesponsible foi 
death His conclusions aie based inoie especially on the kidne3’^s of seal- 
let fevei and acute coccus infections, in which he found inflaminatoiy 
glomeiulai changes which seemed to be the staiting-point of the fibiotic 
tufts and thickened glomerulai capsules characteristic of the latei devel- 
oping chionic nephiitis Such obseivations aie not new’’ Others have 
repozted isolated instances of a chionic nephiitis following the acute 
lesion of scarlet fever Thus Handfoid describes such a condition after 
scarlatinal nephiitis in a child 12 }eais old, in whom the chionic condi- 
tion developed three 3’eais aftei the acute, and Councilman describes a 
chionic inteistitial nephiitis with heart hypertrophy following scarlet 
fever, in a child of 2 yeais Similar findings have been reported by Leyden, 
Mann and others Lohlein’s extensive and thorough stud3’', however, 
brings the problem once more prominently befoie us, and, coupled with 
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the ob‘=e^^atlon of makes it one of mncli importance It nonld 

Fcem possible that by tlie use of a substance like venom, wliicli acts as a 
definite glomerular poison and causes exudation and lery stiiking endo- 
thelial desti action, experimental evidence of clironic nepliiitis following 
a single m^iuiy could be added to tlie clinical and pathological evidence 
non at hand 

Despite this possibility', it must be admitted that the expeiimental 
study of nephritis supports the moie common conception of the etiology 
of chionie nephiitis in man, tliat is, that it is a giadually developing 
lesion due to the long-continued insidious action of some ill-defined toxic 
substance With the possible exception of the recent experiments of 
Dickson, the results obtained have been neither constant nor of such 
nature as to justify the term of clironic nephiitis Ceitamly if we take 
as a ciiteiion, a peisisting lesion of the kidney chaiacterized duiing life 
by elimination of albumin and casts, and histologically by changes involv- 
ing glonieiuli, tubules and connective tissue, nearly all expeiimental 
efioils can be excluded If we include edema as a necessary corollary, 
chronic nephiitis has not been produced experimentally. Some of the 
methods which have lesulted in lesions approaching chionic nephritis 
are, hovover, vortliy of mention Ophuls, vho investigated this subyect, 
came to tlie conclusion that the best results could be obtained with lead, 
and, by the prolonged administiation of a lead salt, he produced in 
guinea-pigs and dogs a definite sclerosis The urine, hovever, did not 
contain albumin and casts The same obyection holds for experiments 
iiith many of the othei metals (Petioff) 

The expeiiments of Ehrlich and of Le^adltl with vinylamin show that 
the primal y neciosis of the papilla of the ladney caused by this substance 
may be followed by coitical inyury with increase of connective tissue and 
consideiable contiaction In a few of these experiments, in vhich mice 
Moie used edema by pei trophy of the left ventiicle and albuminuiic 
letinitis ueie obsened, uitli characteristic changes m the urine Such 
changes, houever, weie not constant The value of these experiments, 
moi cover, is slight, for the diffuse nephritis followed destructive lesions 
of the papilla leading to mechanical obstruction, and were not due to a 
primary inyuiv of cortical structuies caused by a circulatmg poison, 
ihough it must be admitted that Lindemann has desciibed the production 
of such myuiies by the use of ibis substance 

Occasional positne results have been obtained with a lariety of sub- 
stances, as cantharidin (Aufrecht), oxalic acid and oxamid (Ebstein and 
Xicolaicr), potassium chromate (Ophuls), and uranium nitrate (Siegel) 

I haie mi self found, in the course of a study which had foi its object 
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the iDioductioii of edema in the dog, a t}pical contiacted gianulai kidne} 
as the icsidt of continued injection& ol potassium chiomate and nepbro- 
to\ic immune seiiim Chionic lesions, liowever, cannot be pioduced con- 
stant]}^ by such methods and occasional positi\e findings, in view of the fre- 
quency of spontaneous lesions, must be icgaided Avith suspicion Or, to look 
at it in anothei A\ay, these occasional positive lesults ma} have been due to 
the accidental j^icsence of some sceondai} lactoi, as some metabolic oi 
ciiculatoiy distuibanco, necessai} to the pioduction of cliionic nephiitis 
It uas with this possibility in mind that Di Haven Emeison investigated 
evpeiimentall} the i elation of ciiculatoiy distuibances to ehionic nephii- 
tis He recognized tliat, Avhilc a A'anety of causes ai e known to be respon- 
sible foi, 01 contiibute to, chionic inteistitial changes in vaiious tissues, 
there is almost constantl} associated Aiith them a ciiculatoiy disturbance 
usually a venous congestion It might be objected that such a distinbance 
IS the lesult and not the cause of jnoductive lesions in man but Emei- 
son’s expeiiments aic neieiilieless of value, in that this hjqiothesis was, 
foi the fiist time, imestigated The influence of A^asodilahns and vaso- 
constiictois vas tested h} inhalation and by subcutaneous ard intiavenous 
injection Inhalation expeiiments duiing a peiiod of half a jeai caused 
the appeaiance of dcgeneiative paienchymatous lesions vith slight con- 
nective tissue changes Though these expeiiments weie feiv in numbei, 
the lesults, due appaiently to disturbances of circulation and nutrition, 
suggest that ivitli this background, the long-continued administration 
of a lenal iriitant in small doses might lesult in the faiily constant pro- 
duction of chionic nephiitis In this connection Caio’s obseivation that 
nephritis occuis in cats fii^e to eight days aftei extiipation of the thyroid 
IS suggestive 

In othei voids, the eiudence at hand su|)ports the theory that chionic 
nephiitis should leadily be pioduced as the lesult of an iiritant action 
associated with, oi causing, ciiculatoiy and nutiitional distuibances This 
is in accoi dance with our clinical and pathological knowledge of chionic 
nephritis in man 

In accord with this view, also, is Biadford^s suggestion that the 
many failures to produce chronic nephritis are piobably due to the fact 
that we have no iiiitant capable of causing in animals a condition anal 
ogous to acute nephiitis ivith edema as seen in man This statement was 
made in 1904 Such a substance we now possess in uranium nitrate, 
which, as Eichter showed in 1905, causes a very definite acute tubular 
nephritis with the occurrence, when an excess of water is administeie , 
of edema of the subcutaneous tissues and accumulations of fluid m e 
seious cavities of the bod}’’ Uranium nitrate has come into general use 
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oiif of tlje iiio-t sati«faclor} of iiephiilic poisons and Dickson, during 
tlic pa'^t }ear has shoiMi that its piolonged adininistTation causes chiomc 
ncpliiiti‘5 in a ]ai£re pcicentage of the animals tieated Unfortnn atoll . 
Ins choice of experimental animals did not allow a stud}" of edema If 
labhits, in nhicli edema is leadih piodnced, had been used instead of 
gumea-pig'^ and the animals placed under conditions favorable to the 
piotlnclion of edema it is possible that his results would have been the 
most ‘^ali'^factoi} let lepoited As it is, he has shoun (1) that piolonged 
admini'^liation of uianium nitiate causes a progressive '^subclironic ' 
ncphiiti':, (2) that a senes of six or seven acute attacks results in 
exteinne fibiotic changes, uith m some instances, granulai atiophy and 
accociated pohuiia, (3) that single injections not infiequentl} cause 
11101 e 01 less '^eieie fibiosis uitli occasionallj granulai atrophj , and (4) 
fluid in small amounts uas found in the serous cavities of a few animals 

These expeiimcnts aie of great importance m connection uith uhat 
ha=: been said about the influence of ciiculatorj' disturbanees in the pro- 
duction of chionic nephiitis Dranium nitrate, in addition to its veij 
decided action on renal epithelium, also causes seiy definite ^asculal 
distiiibances Scieral imestigatois have been forced to this conclusion 
as Ilcineke and j\[c\eistein and Dickson Decently, I have called atten- 
tion to the nccessit} of assuming such an action in order to explain cer- 
tain phases of the edema caused bj this substance Final proof of this 
lasculai injui} is furnished by Schlajer and his associates, who ha^e 
shnun. bv plnsiological methods, that although uranium piiraaiily affects 
the tubules there occurs a stage of glomerulai injury characterized bj, 
dilatation of the ^essels and decreased peimeabilitj This will be dis- 
cussed latei m connection uitli edema, but these observations serve here 
to indicate the value of uranium in combining the toxic effects apparently 
necessan to the production of chronic nephiitis bj causing not only 
stiuciuial changes but circulator} disturbances also 

Thus may be summaiized briefly the methods which ha^e been 
cmplo^ed m producing nephriti's experimentally, the character of the 
acme lesions and the i elation of these to chronic conditions Such a 
statement i« necc=sni} as a pieliminaiy to the discussion of functional 
distuibance=^ 

I uxcTioxAL DiSTcnn vxcr: 

The '^^ud^ of anatomical changes in experimental lesions adds little 
to mix knowledge obtained by the investigation of human material B} 
apphing plnsiological methods on the other hand no maj correlate dis- 
turbance of function vith anv state of anatomical change and thus obtain 
information which clinical and pathological snidies fail to gne 
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The kidney lends itself, perhaps moie than any other organ, to inves- 
tigation hy physiological methods The very abundant hlood-supply with 
its intimate relation to the function of the kidney, the close relation of 
function to geneial blood-pressure and the influence of the circulation on 
diuresis, aie conditions which leadily allow the application of methods, 
the results of which may be graphically registered Changes in kidney 
volume dependent on general hlood-pi assure or on the influence of its 
ovn independent vasomotor system maj' be measured hy the oncometer, 
and the results for the normal compared with those in animals with 
experimental nephritis Likewise a simultaneous study of diuresis allows 
of the determination of the changes in the elimination of fluid The 
injection of various substances influencing hlood-pressure or diuresis 
3 lelds information concerning the reaction of the kidney to these stimuli, 
and hy their use it is possible to differentiate between the disturbances 
due to a glomerular and to a tubular nephritis further information con- 
cerning disturbances of function due to tubular oi to glomerular lesions, 
respectively, may he gained hy the use of phloiidzin, and h} correlated 
studies of the protem and salt elimmation Some information, as the 
result of such investigations, especially in regard to diuresis, is offered 
by pharmacological studies, hut the most comprehensii e study of this kind 
has been made by clinicians, by Schlayei and his associates, and deals par- 
ticularly with the vascular reactions in the tuo types of nephritis 

Tlieir work is based on the assumption that the lascular reactions of glonieiu 
lar nephritis should differ from those of tubular nephritis and that this differ 
ence should be readily determined by the action of certain stimuli, the effect of 
which would be to cause either conti action or dilatation of the vessels These 
changes, through decrease or increase of the kidney volume, ivould be leadily 
recognized with the aid of the oncometer It was necessary to choose stimuli the 
effect of which would be but transient and which would cause no injurious aftei- 
results, thus allowing a series of observations on the same animal within a com- 
paratively short space of time Furthermore, as the conditions of evpeiiment 
were such that observation on the same animal befoie and after the development 
of nephritis could be made only in short-period experiments, it was necessaiy to 
demonstrate that these stimuli exerted a constant effect on noimal animals 

To test the capacity of the vessels to contract they used sensory stimulation 
(tobacco smoke in the nose or transient suffocation) as an example of effect 
through the vasomotor center, and adrenalin as an example of the effect of pei- 
ipheral contraction Each of these methods produced a transient diminution of 
kidney-volume with an increase at the same time in general blood-pressure Caf- 
fein and strong salt solution were used for the purpose of producing dilatation of 
the renal vessels In connection with all these conditions the relation of diuiesis 
to vascular changes and the power of phloridzin to cause glycosuria were also 
studied 

In brief, the study was one of the reaction of the renal vessels to vaiious 
stimuli and the relation on the one hand to general blood-pressure and on the other 
to diuresis 
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IsecGssaiily, mucli depended on llic nnifoiniiiy of the contiol e\ 
foi tins reason rabbits of tbc same breed and similar weight were cl 
the exception of adrenalin, all substances weie injected in definite 
Height, and all but pliloiidzin, intravenously Sensory stimulus 
{1 drop of 1 per cent solution in 0 5 c c noimal salt solution) 
prcssuie vith a corresponding fall in kidney -x olume In each inst: 
IS tiansicnt, the normal condition being resumed in a very short 
On the other hand, 5 per cent salt solution (5 cc per kilo) and { 
fein solution (2 cc per 15 kilo) cause a marked dilatation of tl 
H ith strong pulsation and immediate diuresis, the general blood-pi 
ing unchanged At the end of the cxpeiiment, phloridzin was gi 
oiislj , this caused a moderate diuiesis with glycosiuia but witln 
kidney xolunie or in general blood piessuie 

These lesults x\eie always obtained with normal anin 
degicc of reaction witli each stimnlns was piactically the 
such obsenations as eontiols, a study was nndei taken of 
\aiio\is foiins and diffeiing stages of toxic nephiitis Potass: 
and coirosive sublimate weie used foi the production of tnbi 
and aisenic, canihaiidin and diphtheria toxin foi vascnlai n 
Schlaiei's opinion concerning tubulai nephritis is based 
iincnts nith chiomale and 15 nith conosive sublimate animc 
tioiis to the xaiious stimuli in the eaily stages of nephiiti; 
do not diflei niaikedlj fiom the normal It nas found tha 
eliminated a largei amount of mine than do noimal anin 
111 accoid Hith IVebei's obseiiations. and also that diuietics 


gieatei fiou, as had also pieiioush been demonstiated b 
Spiio Tlie xasculai reactions difleied fiom the noimal oi 
liie pouei of the xessels to contiact aftei sensoiy stimulus 
H.ic slightly increased and the pouer to dilate uas gi eater 
the ‘■anic extent Phloiidzin acted as normally, that is, ca 
and ghcosiiria 

The lesiilts luth coriosne sublimate weie similar ex 
pohiiiia befoie tlic administiation of diuietics was not so 
hot!) foi ms epithelial lesions were xeiy prominent, but i 
ihantres weie evident in the glonieiuli In short, the ear 
tubuhi ncphiiii'; with albuminuria and cast secretion an 
loiincel changG= in the tubular epithelium oher no ph}siol 
Uiinu.d cMdenic of xascular injun 

Teforo taking up the late stages of tubular nephritis th 
Na^aikii nepbiiti^:, foi the sake of sharp contrast may 
('intb-iruhn iiul ar=cnic nephiitis oticr the best examples 

*cre xa=culai di'nirbanrcs come on ver^ quickh L 
n. de eiih pohiiria characteristic of the 'chron 


W rl’in foui to eight hours the cFect of scn=c 
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adrenalin is nnieh less than in the noimal, and aftei the administiatiou 
of diuretics the pouei of tlie vessels to dilate deci eases and with it 
dmiesis As the nephiitis pioceeds to seieier degiee, or if larger doses 
of the iriitant be given, the powei to contiact after ‘=6115013' stimulus and 
adrenalin becomes minimal and dilatation and dniiesis become slight 01 
cease entiiel}' Undei such ciienmstances jihloiid/in pioduces no diiiiesis 
and no gl}'cosuria 

The lesions due to arsenic are similar to those of canthaiidm except 
that the general blood-pressuie falls more quickl}' and remains at a louei 
level Tins is to be explained b}' a gieatei peiiplieial capillai}’ injui}' 01 
peiliaps by more intense action on the lasomotoi centei 

This comparison is very instiuctiie A tubular nephritis vitli exten- 
sive epithelial destiuction and a mine iicli in albumin and casts gue no 
physiological evidence of vascular disturbance except a slight polyuiia 
and a slightly heightened 1 espouse to lasciilai stimuli On the othei 
hand, m a glomeiulai nephritis uith little 01 no evidence of anatomical 
injur} to either tubules 01 glomeiuli, and vith comparatively slight 
allSuminuiia and cast excretion, we find that the capacity of the vessels 
to contract and dilate is gieatly altered, and vith this a coiiesponding 
inhibition of diuiesis, which maj go on to total insufficiency 

These obsei rations deinonstiate foi tlie first time the possibilit} of 
primary injury to glomeiuli and tubules, 1 espectivel} . and ofCei a sound 
experimental basis for the conception of a vascular as contiasted uith 
a tubular nephritis 

But how, ask those uho object to the diiect ajiphcation of experi- 
mental evidence to the pioblein of human pathology, is this to help us in 
explaining the major it}' of renal lesions m man? We admit its value 
from a pharmacological point of view We admit also the possibility of 
primary glomerular injury and piimary epithelial injury, and also that 
occasionally the glomerular lesion, as in scarlatinal nephritis, may lemam 
the predominating lesion, and, on the other hand, that the acute lenal 
lesions of ceitam intoxications, as cholera, eclampsia, and to a ceitain 
extent of diphtheria, may be puiely epithelial lesions, but what is the 
bearing of this experimental evidence on those foims of neplnitis in 
which both glomeruli and tubules are involved, and, most fiequently, it 
would seem, the tubules first and nioie seriously? This question is a 
proper one, and while it cannot be fully met as yet, it is, I believe, 
answered in part by the studies which Schla}er and his associates have 
made of the later stages of tubular nephritis They find that the late 
stages occupy a middle position between eaily tubular and typical vascu- 
lar nephritis, and in severe foiras may simulate the latter The reaction 
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to '^en'^oiA piiniuliis and adienalm lemaius piacticall\ noinialj but tlie 
pouei of" dilatation and dnuesis, aftci the adinmistiation of diuietics, 
deci eases giaduall}', and in seiere late stages, that is after two to four 
da}s, dilatation is leiy slight oi absent and dmiesis does not occui 
Phloridzm no longei causes gl3Cosuiia These changes niaj be accom- 
panied b}' slight histological alteiations in the glomeiuli^ but the condi- 
tion IS, e=scntially, a functional gioineiulai disturbance followung tubular 
injui^ That this secoudaiy glomeiulai involvement is a tiiie vasculai 
di still bance and not the lesult of compiession of the gloineiuli, due to the 
letention of uiine in tubules blocked by casts, Schla^ei and Hedingei 
ha\c shovn by e\pei inients in mIiicIi the ureteis weie ligated Undei 
<511011 conditions no lasculai distuibance lesiilted Thus these investiga- 
tois have demonstiated not onl} tubulai and lasculai neiihiitis as expei- 
iinontal conditions but haie shown that the foimei may deielop into the 
latter The i elation, hoiiever, of the late glomeiulai changes to the eaily 
epithelial changes cannot be explained without moie complete expeii- 
mental eiidence That the late vascular injui} is due to the oiiginal 
poison 1= doubtful but the possibilit} must be consideied, in mow of the 
fact tliat 111 Sehlaici s cxpeiiments Mitli diphtheiia toxin, a giadiially 
de\ eloping neplnitis of the tubulai hpe passed, aftei only tiienty houis, 
into the tipical lasciilai t3pe Again, it is possible that the tubulai 
nephiiti= nla^ cause the dciclopment of secondai3 poisons, consequent on 
metabolic distuibances in othei oigans, and capable of affecting the 
gloiiicnili In this connection must also be consideied the mattei of the 
‘‘gne and take” of leiial function lecently emphasized by McCiae This 
fhcon assumes the possibility of the glomeiuli taking oiei in pait at lea'^t 
the function of the tubules It is possible that substances noimall} 
pas=ing thiongh ibe tubulai epithelium are. uhen the lattei is de=ti03ed, 
eliminated 1)3 the glomeiuli the endothelial cells of uhicli mat be raoie 
'■usceptible to inpiiy b} such substances than is the tubulai epithelium 
'llicsc aic <501110 of the problem's suggested lit Schlaiei'c work, uJiich 
auait the icidict of fuitlier experimentation hi phisiological methods 
During the past 3 ear I liaic been intciested in certain phases of t]ic=e 
pioblems and liave lepcaied Schla3er s cxpeiiments, u=ing the dog laiher 
than tnc i.ibhii. bernnse of the more stable ciicnlatoii inecliamsm of tlie 
formci " Tlie la^cular reaction= of the two ti-pes of nephnti=. ob=ci\ed 
in the rablui. I lane found to occui also m the doc^ q'he tubulai form 
IdeuFe dcielupc into the ahpical tascular form 
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Additional evidence of tlie distinction between tnbulai and vasculai 
nepliiitis IS otTeied by cliemical studies uliicli;, with the assistance of Di. 
Miner C Hill, weie earned out in connection uith the expeiiments just 
mentioned ^ These depend on oui knowledge that most, if not all, of 
the iiiinaiy nitiogen is eliminated thiough the tubules, and on the 
assumption that in tubular iiephiitis this elimination would be dimin- 
ished Daily estimations of the total nitrogen elimination in animals 
vitli tubulai and glomeiulai nephntis, due to uranium nitiate and 
aisemc, lespectnelr, weie made It uas iound that in the tubulai nephri- 
tis a deciease of nitiogen equal to 9 to Id pei cent of the noiinal elimi- 
nation occuis, uliilc in the glomeiulai foim this deciease does not occui 
Indeed the arsenic animals showed an inci cased elimination vai 3 ing from 
7 to 16 pel cent , demonstiating that the tubules not only weie not 
injuied, but also that tlic'^ weie able to caie for the augmented output 
of nitiogen consequent on the inci eased metabolism due to aisenic 

These obsei rations aic of twmfold inteiest In the hist place, the 
woik with arsenic offers additional evidence of the possibility of pioducing 
a glomeiulai distui banco without affecting the function of the tubules, 
and, on the othei hand the diminished excietion of nitrogen in tubulai 
nephntis^ indicate the possibility of a letcntion leading to a distuibance, 
not onlj of the glomeiulus in the ^^give and take’^ of kidner function, but 
lesponsible perhaps foi some of the moie general manifestations of 
nephritis 

Here may be introduced also other evidence, of an entirely novel 
nature, which is of value in the differentiation of tubular and glomeiulai 
nephntis, and wdiicli w'ould appear to be of definite physiological impoi- 
tance m the matter of normal tubule function I refer to my recent 
investigations of the depressor substance of dog^s urine, and I do tins 
with some hesitation, as the application of the observation to the nephntis 
of man is not at all clear 

Elsewhere, m a discussion of the influence of kidney extiacts on the 
blood-pressure, I have described the very strilang depressor influence of 
dog’s urine, wdien in 3 ected intiavenously into other dogs At that time 
this observation was of interest only in that it appeared to mdicate that 
the similar depressor influence exerted by extiacts of the dog’s kidney wns 
due to the content of urine winch could not be removed 

My interest in this peculiar manifestation was again aroused by a 
chance observation made during the course of a recent study of diuresis 

4 Siegel also desciibes tins decreased elimination of nitrogen in uranium 
nephritis, and Green, in a lecent study of chromate nephritis, found a decrease of 
20 per cent 
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in the pathological kidney Dog's nrme, on account of its very decided 
depressor influence, from which the animal quickly recovers^ was used 
m thi's -n-ork as a means of rapidly lowering the blood-pressure 

It served most satisfactorily for this purpose and never failed with a 
large series of normal urmes Early m the investigation, however, it was 
observed that the urme from an animal in the third day of a chromate 
nephritis failed to cause the usual depressor effect This chance observa- 
tion led to the routme mvestigation of the urme of animals with various 
forms of experimental nephritis As a result it was found that the 
depressor substance disappeared about the third to the fifth day from the 
urme of those animals suffermg from renal lesions characterized by 
extensive tubular m 3 ur 5 ' and persisted after the admmistration of sub- 
stances causing glomerular mjury with little or no tubular change ^ 

This difference suggests that in the tubular lesion of chromate and 
uramum nepliritis which is characterized by extensive epithebal destruc- 
tion, some substance normallv eliminated is retamed, while in the 
glomerular nephritis, caused by arsemc and cantharidin, this retention 
does not occur The elimmation of the depressor substance would appear, 
therefore, to be a function of the tubular epithelium This view is sup- 
ported by a study of the effect produced by normal urme as compared 
with that passed at the height of diuresis Thus, m one animal the 
urme obtamed from the bladder at the time of msertmg the cannula, 
caused a drop of pressure of 64 mm Hg , whereas at the height of caffem 
diuresis, the drop was but 30 mm. In another animal the figures were 
60, 32 and 16 for (1) the normal urme, ( 2 ) the begmnmg and (3) the 
height of diuresis, respectively. This mdicates that the mcreased glomeru- 
lar filtrate either dilutes the depressor substance elimmated by the 
tubule, or it passes through the tubules so rapidly that this substance is 
not added m the usual amount 

In animals with experimental nephritis of the tubular 137)0 the dis- 
appearance of the depressor substance’^ from the urme is frequently asso- 

0 Pearce Pv iL • Concerning the Depressor Substance of Dog s Urine and its 
Disappearance in Certain Forms of Experimental Acute ISTephritis Jour Exper 
3Ied , 1910, xii, Xo 2 

6 Concermng the exact nature of this depressor substance I have no knowl- 
edge It dialyzes slowly is not destroyed hy boiling for a few minutes but does 
disappear after prolonged heating It can, however, he completely precipitated 
from the urine in impure form hy large amounts of alcohol The precipitate thus 
obtamed, when dried and brought back to origmal volume with distilled water 
has a depressor effect equal to that of the untreated urme, while the filtrate 
evaporated at room temperature to original volume has no effect whatever The 
precipitate is not a single substance, but contains phosphates, chlonds and sul- 
phates and has a very small nitrogen content 
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ciated AMtli a ]o^^ol]ng of the blood-jiiessuie, wJiieli would appeal to indi- 
cate that tlie letained depiessoi substance may liaie a definite effect on the 
general blood-piessuie Tins obseivation is not, lionever, based on blood- 
pi essure deteminations on the same animal, befoie and after the develop- 
ment of nephiitis, but b}’’ contrasting the 25 iessiiie in animals with tubular 
nephritis uitli that in noimal animals It may, as is true in gloineiular 
nephritis, be due to some other factoi affecting the vasculai system gen- 
erally 

Investigations now in jii ogress mil, I hope, thioii more light on the 
nature of this depiessoi substance, and, I trust, on the significance of its 
disaiipeaiance from the urine At jnesent the latter is of importance, as a 
manitestation of tubular nephritis, as contiasted uith glomeiulai nejihii- 
tis, as an indication of possible noimal tubule function , and possibh, also, 
as an explanation of ceitain conditions of low arterial tension in man 
Concerning the lattei ue have little infoimation, foi clinical studies have 
been confined largely to the condition of h3'pei tension It is of interest, 
howevei,that m the disturbances following too gieat experimental leduc- 
tion of the dog’s Icidnei^, a condition of acute lenal insufficiency, Janeway 
has demonstrated a definite fall m general jn essure If it could be shown 
also that the depiessoi substance disappears from the urine of these ani- 
mals ue would have a veiy substantial basis for a theory of acute renal 
insufficiency of tubulai origin leading to hjpotension 

It is perhaps needless to say that such observations have apparently no 
beaiing on the lij'^pei tension of scailatinal nephritis or that of the mtei- 
stitial type of chronic nephiitis Also, one cannot assume that the 
expeiimental conditions heie described hold for human nephritis At 
present they must be considered meiel}’’ as interesting experimental 
observations concerning the influence of the kidnej'’ on blood-pressiiie, 
and although it brings to this subject some confusion and unceitaintj, 
future investigations may add unexjjected Icnowledge, perhaps, in the 
direction of a bettei undei standing of tubule functions 

EDEMA 

As edema is, in inanj^ uays, the most striking manifestation of cei- 
tam forms of nephritis in man, it is natural that it should be considered 
in a discussion of expeiimental nephiitis I will not attempt, however, 
in this connection to present the conflicting views concernmg the phj'^siol- 
ogy of lymph foimation oi the geneial patliologj’’ of edema, 11111011 are 
admiiabli’^ set forth in Meltzei’s lectures on this subject, but will limit 
inj'^self to the recent studies due to the stimulus of Bicliter’s demonstia- 
tion that acute uranium nephritis in animals is accompanied by edema 
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The oldei liteiatme contains much expeiimenial evidence concerning the 
importance of hydremic plethora oi of vascnlai injury (Cohnheim and 
Lichtheini, Magnns, Albn) in the piodnction of lenal edema, but as this 
IS foi the most pait based on transfusion expeiinients in which laige 
amounts of fluid were used, oi experiments on dead or nephrectomized 
animals, it is not entirely satisfactor}'-, as the conditions are too aitificial 
The results of such expermients are based on the absence of kidney func- 
tion lather than on the influence of the alteied function of the diseased 
kidney Only uranium nephritis, of the various forms of experimental 
renal disease, is accompanied by a spontaneous edema, and thus ofileis 
experimental conditions analogous to nephritis in man 

The more important theories of lenal edema may be biiefly stated 
On the one hand are those who suppoit the impoitance of hydieinic 
plethoia as enunciated bj Oiamger Stewait and Baitels, butmoie or less 
modified by latei investigations, as those of Eoth-Schultz and otheis On 
the other hand, aie those who considei hydiemic plethoia of secondaiy 
importance, and, following Cohnheim, ascribe to the injury of peiipheral 
capillary blood-vessels, the important idle With this theory is closely 
associated that of Senator, who presupposes injury of the lenal vessels as 
well as of the peripheral vessels 

There is a tendency to bring these explanations together, giving each 
its share in a theory which ascribes the cause of edema to the combined 
influence of renal vessel injury and peripheral (cutaneous) vessel injury, 
the former leading to retention of water or salts, or both, and the latter 
responsible for the increased permeability of the capillaries at the site of 
the local accumulation of fluid In brief, the pioblem has become essen- 
tially that of the relative importance of vascular injurv, hydremia and 
salt letention Since the demonstration of the value of uranium nitrate'^ 
for the production of a nephritis with edema, the influence of these factors 
has been extensively reinvestigated 

7 It IS a matter of local interest tliat, altliougli macioscopic evidence of lenal 
in 3 ury due to uranium was observed by Leconte in 1854, the fiist carefully re- 
corded observations on uianium nepbiitis ivere fiom Piofessoi Chittenden’s laboia- 
tory at Wew Haven, and in 1889, in a communication fiom this laboratory, Pio- 
fessor Chittenden and Dr Alexander Lambert of this city fiist descnbed ascites 
in connection with uianium poisoning Worosehilsky in the following year, in a 
communication fiom the phaimacological institute at Dorpat describedt accuiately, 
diffuse edema of the skin and subcutaneous tissues and the accumulation of fluid 
in the serous cavities of the body These observations weie, however, eithei over- 
looked, or their importance not appreciated, for it was not until 1905, when Eich- 
ter’s communication appeared, that the importance of this experimental lesion was 
generally recognized 
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EicMei found that rabbits receiving subcutaneously small doses of 
uianium nitiate and at the same tune 100 c c of water daily by stomach- 
tube, developed a u ell-marked edema of the subcutaneous tissue wuth the 
accumulation of consideiable amounts of fluid in the serous cavities This 
edema it is tiue, difl'eis in two respects fioni that of nephritis in man 

1 Theie is a greatei tendenc} foi the fluid to accumulate in the 
seious caMties and subcutaneous tissues than m the skm propei This 
is piobabl) due to histological dilleiences between tlie skin of man and the 
labbit but IS not of gieat importance, for the nidespiead edema involv- 
ing the subcutaneous tissues of the abdomen and tlioiax and frequentl} 
extending to the neck head and extiemities, is sufficient CMdence of gen- 
eial edema 

2 The fluid is nclici in albumin and tends to clot moie leadily than 
IS the case in man Theie is, honever, no evidence that this fluid is of 
inflammatory origin, the high albumin content is piobably to be explained 
by the acute chaiactei of the lesion, and in this regard approaches the 
chaiacter of the fluid in the edema of scarlatinal nephritis 

Despite these slight diflerences the pictuie is sufficiently similar to 
the edema of man to be consideied a true expeiimental nephiitic edema, 
and IS so legarded by the laige number of mvestigators who have con- 
fiimed Eichtei s observation 

The studies of uianium edema fall into tivo groups those bearing on 
the question of watei and salt letention. and those dealmg with vasculai 
injuri The first gioup includes expeiiments m which artificial plethoric 
h 3 dremia is pioduced and those m which the salt content of the body 
fluids is increased by administration of sodium chloiid The second 
group includes physiological studies of the renal vessels in uranium 
nephritis and also the stud} of the influence of lascular poisons in those 
forms of expeiimental nephiitis not ordinaril}’’ accompanied by edema 

The literature of w'ater and salt retention in nephritis, which is 
voluminous and most confusmg and contiadictory, need not be sum- 
marized The matters of greatest strife are (1) whether salt retention 
or water retention is primary, (2) if the salt retention is primar}, 
whether it is a true tissue retention or secondary to vascular lesions which 
lender the glomeruli less permeable to the salt In either case the water 
retention is considered to occur as a result of the salt retention The 
third possibility^ is that both water and salt are retained simultaneously 
as the result of glomerular injury 

The experimental evidence, based on altered kidney function in 
was at hand previous to the study of uranium edema, may be i lus ra e y iv 
tymes of experiment Beck and Glucinski, as well as Lepine, had emons ra 
that temporary ligation of the ureter of one kidney was followed v a essenet 
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eliminatioTi of cWoxids as compared witli tlie opposite sound kidney, thus favoring 
apparently the theory of decreased renal peimeability On the other hand, Cas- 
taigne showed that, although there is a diminished chlorid excietion in dogs with 
experimental nephritis, as compared with normal dogs, this difference uas not 
observed if the respective animals leceived salt solution in the renal artery In 
other words, if the salt was brought to the kidney, the kidney could excrete it In 
other experiments normal and nephritic animals weie bled and the blood 
replaced by saline solution Shortly afterward 200 cc of blood taken from 
the renal artery of each showed the salt content to be less in the animal ivith 
nephritis These experiments are usually quoted as evidence of primary letention 
of chlorids in the tissues It must be borne in mind, however, that in these experi- 
ments the renal lesion was not one accompanied by a spontaneous edema 

In the early work on uranium edema it was found that the adminis- 
tration of water in excess was essential for the development of a frank 
edema, though occasionally, as in Georgopulos’s senes, a slight or model - 
ate grade of edema occurs in unwatered animals 

Richter took up the question of the relation of hydremia to salt 
retention He has found that if both salt and watei are administered 
to animals a greater edema is produced than with water alone On the 
other hand, salt without water has no power to increase tlie hydrops, and 
if salt is given with half the amount of water usually admmisteied, the 
edema is not appreciably greater than in those receiving water onlj On 
these observations and the demonstration that chlorid retention occurs 
in other forms of experimental nephritis without the occurrence of edema, 
Richter concludes that water retention is more impoitant than salt 
retention 

Georgopulos has utilized uranium nephritis to determme the matter 
of chlorid retention by direct quantitative analysis of the body fluids and 
tissues His conclusions are very definitely stated as follows 

lu uranium, as well as in cantliaridin nephritis, no constant relation exists 
between the water and salt excretion, more water than salt is retained, thus lead- 
ing to a decrease in the chlorid content of the blood This indicates that uater 
retention is dependent on a primary disturbance of the water-eliminating power of 
the kidney and is not secondary to chlorid retention Moreover, an inciease of 
chlorids in the tissues with a reduction of chlorid concentration of the blood could 
not be demonstrated in animals, with or without edema 

Sclurokauer, m a similar investigation, found that in edema, although 
the tissues had a salt content greater than normal, it was no greater 
than the salt increase m the blood and in the hydropic fluid of 
the body cavities The mcreased salt content of the tissue does 
not therefore support the theory of primary salt retention, but indi- 
cates rather that m the process of tiansudation the salts and water 
leave the vessel m the same percentage relation, one to the other, 
as they occur in the blood Other important studies are those of Bence 
concerning the altered distribution of water in the body and of Heineke 
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aud ]\le3 Cl stein dealing with salt and ivatei iclations The lesults of 
the lattei, in that the}' indicate that ‘'alt letention may piecede water 
letention, aie not in accord i\ith the othei ini cstigations quoted, but 
I haie I believe sufficient!} illusliated the value of uranium nephritis 
in the stud} of tins phase ol expenmental edema and also shown that the 
bulk of eiidence does not suppoit tlie theoi} of piimary salt letention 
Of eien gieatei inteiest aic the iccent experimental obseivations 
concerning the inipoitancc of lasculai injui} It uas eaily recognized 
that although the adininistration of w'atei in excess uas necessary foi 
the dci elopment of uianium edema, this uas not the essential factor, for 
the administiation of uatei uith oi uithout salt to animals uith cliro- 
miuiii, aloin, canthaiidin and othei foims of nephiitis did not cause 
edema despite the fact that in some of these forms, as chromium nepli- 
iitis, the histological changes aie practically the same as those of the 
uianium disease Such obseivations natuiall} recalled the early experi- 
ments of Cohnheim and Lichthem concerning the importance of vascular 
injui}, due to lairous forms of irritation of the skin, and those of 
Magnus, in uhich vasculai poisons, as arsenic, chloiofoim and ether 
were used, and suggested the possibilit} of an action of uranium, or of 
substances foirned during the couise of nephritis, on the blood vessels, 
both renal and peiiplieial Seieial investigators (Blanck, Heineke and 
Meyerstein, Georgopulos and Pearce) have expressed opinions to this 
effect It remained hoiievei, for Schlayer and his associates, Hedrnger 
and Takayasu, to demonstrate by physiological methods a functional 
disturbance of the renal vessels in uranium nephritis, whicli disturbance, 
apparently is an important factor in the production of edema Uranium 
nephritis, it ma} be again emphasized, is anatomically of the t}'pe of 
tubular nephritis and characterized by extensive destruction, even to 
necrosis of complete tubules, and by abundant elimination of albumin 
and casts Anatomical changes in the glomeruli, aside from slight thick- 
ening of the capillaiies, the outlines of which are more or less indis- 
tinct, are not evident Schlayei attacked uranium nephritis by the same 
methods which hacT served to diffeientiate tubular and vascular nephritis 
It was found that in the eaily stages as well as in the late stages, 
uranium gives the reactions of a true tubular nephritis, of the type of 
the chromate or the corrosive sublimate disease It has, howevei, an 
intermediate stage which differs strikmgly from both the pure tubular 
and the pure vascular forms and which Schlayer has observed in no 
other form of nephritis except once in that form due to diphtheria I 
may lepeat, in order to present this peeuliai reaction more clearly, that 
the characteristic feature of vascular nephritis is the failure of dilatation 
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of tile vessels witli little or no diuresis aftei tlie administration of diu- 
retics These manifestations also occur in the late stages of tubiilai 
nephiitis They occur also at the end in manmm nephritis, but pieced- 
ing it is an mtermediate stage, dnrmg which the administiation of 5 
per cent sodium chloiid causes extreme dilatation with strong pulsa- 
tion but no corresponding diuresis This stage develops thiity-six to 
fortj^-eight hours after the onset of the experimental disease at a time 
when no edema is evident, but when the iiiine is decreased in amount 
as compared with the preliminary pol 3 'uria The vessels react to conti ac- 
tion stimuli strongly, the blood-pressuie shows no change, the power 
of dilatation of the vessels is maintained but is unaccompanied by flow 
of urine This occurrence, which was observed in fourteen animals, 
would appear to be definite evidence of decreased permeability of the 
glomeiulai vessels, marking a pre-edemic stage, during which a reten- 
tion of water and salt occurs Later, when the renal dilatation fails, 
the capillaries of the general cii dilation presumably become permeable 
and edema develops 

This phenomenon has one pecuhai phase Some minutes after the inhibition 
of diuiesis caused by the salt injection a few drops of mine aie excieted, but iio 
furthei improvement in the flow of urine occurs If, after a lapse of twenty min- 
utes or so, caffein is injected, the kidney volume, which has fallen, inci eases to the 
maximum attained after the pievious salt injection, and a slight or moderate 
diuresis occurs This diuiesis is not so great as noimal caffein diuiesis but is 
more prolonged, and the kidney- volume does not return to its noimal level That 
the production of diuresis under these cncumstances is peculiar to caffein was 
shown by the fact that if the injections weie reversed, caffein given first and fol- 
lowed by salt, each produced the same effect as before Also it was impossible to 
cause diuresis by the administration of othei dim etic substances, as urea, dexti ose 
and sodium sulphate, though all cause dilatation of the blood-vessels 

That caffein alone pioduces diuresis in this stage is of inteiest pharmacolog- 
ically, as Schlayer has pointed out, in that it suppoits those observations which 
ascribe its activity to a purely secretory process Also fiom a therapeutic point 
of view it is well known that the action of caffein in nephiitis in man may differ 
from that of the saline diuietics 

Several objections might be raised to the view that the essential 
lesion in edema is a diminished glomernlai permeability All of these, 
however, are met by Schlayer’s carefully controlled experiments It 
might be objected that the strong sodium chlorid solution itself pro- 
duces the glomerular injury That salt is harmful to the normal kidney 
has been frequently demonstrated, and Castaigne and Eathery have 
shown that the injection of normal salt solution into rabbits luth 
injured kidneys causes an increase in albumin elimination Against 
this objection we have the observation of Schlayer that urea and d 
tiose, certainly non-toxic in the doses used, had the same efiect 
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stiong salt solution Otliei objections, as that based on the tlieoiy of 
piimary salt letention and the assumption that the body bad almost 
leaclied its limit of salt fixation at the beginning of the expeument, and 
that the half-gram of salt injected was sufficient to bind the water so 
that no diuiesis could occui, are met by cxpeiiments in which three- 
hundredths of a giam of salt produced about the same decrease in diu- 
iesis as did the half-gram, uliicli should not be the case if these objec- 
tions ueie valid The objection that a salt letention associated with an 
eaily inci eased peimeabilit}^ of the peiipheral vessels might account foi 
the edema is met bj experiments winch show that no edema could be 
pioduced, duiing this intermediate stage, by tiansfusing the tissues with 
salt solution, whereas it could leadily be pioduced in the final stage 
In biief, the contiol cxpeiiments indicate that the incieased peimeability 
of the peiipheial vessels follows, and is piesumablj’’ the lesult of the 
glomerular impermeability 

One must admit the importance of Schlajei’s observation conceinmg 
this peciiliai condition of the lenal vascular sj'stem in the inteimediate 
stage of uianium nephiitis, a functional distuibance which occui s only 
m that foim of expeiimental nephiitis which leads to edema It is the 
strong point of a theory of edema ulnch leconciles many of the con- 
flicting views on this subject Deci eased glomeiulai peimeabilit}', occui - 
ling piimaiily and causing a letention of watei and salts with second- 
anty an incieased peimeability of the peiipheial blood-vessels is a con- 
vincing theory, and perhaps more than a theoiy, when the experimental 
uoik on which it is based is consideied Ceitainly the expeiimental 
evidence which Schlajer olTeis shows that, if eithei of these factois is 
absent, no edema occurs 

Concerning the impoitance of these factois, I have reached similai 
conclusions as the result of a studj’’ somewhat diffeient in nature Accept- 
ing Schlajmi’s opinion that a vasculai lesion is essential to the produc- 
tion of edema I have attempted to produce edema in true tubular neph- 
iitis by the administration of vascular poisons The relative importance 
of hydremia and vascular and renal injury was also studied Potassium 
chromate was used to jrroduce a type of experimental nephritis almost 
exclusively tubular and not accompanied by edema For the production 
of vascular injury, rattlesnake venom, ricm and arsenic, all well-lcnown 
vascular poisons, were utilized Water administered by stomach-tube 
in amounts of 100 cc daily, brought about a condition of plethoric 
hydremia A large number of rabbits were used, some received all three 
of these substances, some only one, and others various combinations of 
two, thus all possibilities were conti oiled 
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It was found that edema lesulted only when the three factois of 
renal injniy, vascular in^uiy and hj^diemia weie present No one of 
these factois acting alone and no comhmation of two was sufficient to 
cause edema The expeiiments in which venom was used weie particu- 
larly valuable in that evidence of in3uiy of the renal vessels as well as 
of the peripheial vessels, was offered by easily demonstrable hemor- 
rhagic lesions of these structures 

Tiom this summary it is readily seen that the study of experimental 
nephritis has added much to our imowledge of the relative importance 
of glomerular injury, hydiemia, salt retention and peripheral vessel 
injury in the production of edema This knowledge has been obtained 
in the only way possible, that is, by the study of a form of expeiimeiital 
nephritis accompanied by spontaneous edema 

TOXIC SUBSTANCES IN EDEMA 

In connection with the phases of experimental nephritis just dis- 
cussed, the next problem is the determination, if possible, of the character 
or nature of the substance or substances concerned in the production of 
the vascular lesions, both renal and peripheral, but especially the latter, in 
nephritic edema Clinical and pathological studies offer no assistance. The 
early appearance of the prominent glomerular lesion of scarlet fever 
naturally suggests that the products of the etiological agent of scarlet 
fever are responsible for this lesion and possibly also, as Senator has 
suggested, for the vascular lesions of the associated edema of the skin, 
but in the absence of definite knowledge of the etiology of scarlet fever or 
of its toxic products, no conclusions can be drawn Likewise in certain 
infections, as with the pneumococcus and streptococcus (Councilman), 
in which capsular and intiacapillary glomerular lesions are sometimes 
seen, the toxic products of the infecting organism may be considered 
responsible for the renal lesion On the other hand, in those forms of 
chronic nephritis in which edema most frequently occurs, the etiology is 
obscure, the relation of parenchymatous to vascular lesions uncertain, 
and therefore conclusions are impossible Even though it be granted that 
the general vascular lesions of the acute forms of glomerular nephritis are 
due to the poisons of the primary disease, our lack of knowledge of the 
toxic factors in chronic nephritis leaves no explanation for peripheral 
vascular lesions The study of experimental lesions of the kidney has 
throum little light on this problem, but certain observations with the 
serum of animals with experimental nephritis are very suggestive of the 
mode of development of peripheral vessel injury. Thus Heineke found 
that rabbits with chromate nephritis, which is not characterized by 
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edema, developed edema when injected with the seium of animals with 
manium nephiitis This phenomenon, since confiimed Blanch, who, 
howevei, finds that it is not a constant occiiirence, suggests that in the 
seium of animals wutli nephritis substances occui wdnch opeiate to pro- 
duce edema Twm explanations seem possible eithei the letention, as 
the lesult of kidnej' insufficiency, of substances which act as lymphagogues 
of the second oidei, oi the injuiious action on the endothelium, of some 
substance oi substances causing an alteiation in its peimeability to 
fluids The lattei of these explanations is natuially moie in accord wuth 
the experiments of Sehlajei and his associates and w'lth those wdnch I 
have described In a later senes of expenments with jMeyeistein, Heineke 
supports the theory of injurious action on blood-vessels In this study is 
reported the production of edema in G 4 pei cent of ehromate animals 
receiving uranium seium intiaienously, but edema w^as also found in an 
equal number receiving noimal rabbit seium As chiomate nephritis, in 
the absence of seium injection does not cause edema, it is suggested that 
the seium in both instances had some injurious effect on the blood- 
vessels Of similar import are the results obtained bj Geoigopulos, wdio 
produced a moderate edema by injecting nephiectomizcd rabbits wnth 
the serum of animals suffeiiug with uianium nephritis In some of my 
own experiments with chiomate nephiitis I have found it possible to pro- 
duce in the rabbit moderate grades of edema by injecting an alien seium 
(dog), and an edema equal to that of uranium nephritis, by using 
nephrotoxic immune seium (dog) 

Despite the difficulty of explaining Ileineke^s results wuth normal 
serum, the various observations presented suggest veiy strongly the pres- 
ence in the serum of nephritis, of elements acting on vascular endo- 
thelium Whethei such substances aie the retained pioducts of metabo- 
lism 01 whether they are substances formed anew', in the course of 
nephritis, oi are possibly due to disturbances in those organs character- 
ized by internal secretion, it is impossible to say 

Such observations must fall in the same category as those of Linde- 
mann, Bierrj', Sawyei and myself, concerning the power wdnch the serum 
of various foims of nephritis (chromate, rriamum, spontaneous, and that 
due to nephrotoxic immune serum) has when injected intiavenously, of 
causing albuminuria and cast excretion in normal animals The effect of 
the serum in each group of observations suggests the influence of the 
common factor, the renal disturbance, but nnfoitunatelj', while sug- 
gestive, the observations are as yet of so indefinite a charactei that they 
cannot be applied to human lenal pathology Thej' w'ould appeal, how- 
ever, to form a promising basis for future experimental investigation 
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THE STUDY OF CHRONIC REN AH ISUFFIOIENCY 

In tins piesentation I have thus far limited my discussion to those 
problems to winch have been applied methods which offer a functional 
conception of the acute distuibances in nephritis For this reason I have 
considered only those lesions to which may be applied the term ^^nephiitis” 
without fear of contradiction Such lesions are^ for the most part; those 
of acute nephritis, and thus the problems of chronic nephritis, as uremia, 
hypertension, and heart hypertrophy, have necessarily been excluded The 
experimental investigation of these latter phases of nephritis, because of 
the inability to produce constantly chronic lesions, has been attempted by 
means of the so-called reduction experiments in which, by operation, the 
kidney substance has been reduced to a minimum compatible with life 
. Such experiments have yielded information of much interest, and, 
although strictly speaking, they represent the effect of insufficient func- 
tion, rather than the effect of a true nephritis, they maj^ I think, be 
discussed heie in connection with the general problems of renal pathologj'’ 

DISTURBANCES OF METABOLISM AND UREMIA 
By the study of the metabolism in animals with expeiimental nephri- 
tis one might expect to obtain information concerning disturbances of 
elimination, oi of the influence of the kidney lesion on general metabo- 
lism, and thus throw some light on the conditions determining the devel- 
opment of uremia Such studies do offer some information of early or 
mild disturbances manifested by diminished nitrogen elimination (Siegel, 
Green) but in the severer lesions, the early occurrence of vomiting and 
diarrhea with inability to ingest, retain or utilize piopeily the food admin- 
istered, all symptoms evidently of renal insufficiency, so disturb the nitro- 
gen equilibrium that metabolism studies are impossible This is true, not 
only of experimental nephritis, but also of those procedures by which 
the renal substance is greatly reduced by successive extirpations Such 
expeiiments have therefore added but little to our knowledge of disturb- 
ances of metabolism as obtained by clinical studies The reduction 
experiments bear particularly on the influence of the kidnej’’ on general 
metabolism In the first important investigation of this sub3ect, that of 
Bradford, the conclusion was i cached that slight reduction was followed 
by an increase in the elimination of watei, but no change in the solids, 
on the other hand, an increase in total solids was found to occur after 
the removal of three-fourths of the total kidney substance, an absolute 
increase when food was taken and a relative increase when the gastro- 
intestinal disturbances were present. As the blood and tissues under the 
latter circumstances showed an increase in nitrogenous extractives. Brad- 
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ford concluded that these distiubances weie due_, not to retention of 
products of normal metabolism, but to an increased tissue catabolism, 
afCecting especialh^ the muscles 

Eecentl 3 >- Bainbridge and Beddaid hare repeated these experiments 
The}’- find that the increase of nitrogen elimination is not constant and 
occurs only during the last few days of life uhen the ammals show a 
loss of 22 per cent of body weight, the result of gastrointestinal dis- 
turbances and loss of appetite They conclude, therefore, that the kidney 
has no infiuence on nitrogenous metabolism, and that the disturbance of 
nitrogen elimination is to be ascribed to inanition, and is similar to that 
occuiiing in fasting animals My own experiments on this subject led 
to conclusions in entire accord with those of Bainbiidge and Beddaid It 
rvould therefore appear very probable that meie reduction of kidney . 
substance, even to a minimum compatible with life, does not lead to dis- 
turbances of metabolic function capable of being utilized in the explana- 
tion of uremia Likewise these experiments indicate the improbability of 
the presence of an internal secretion of the kidney capable of influencing 
general metabolism 

It is evident, hovevei, that although undei such circumstances theie 
IS no disturbance of general metabolism vhicli may be recognized by 
chemical examination of the urine, the very striking gastro-intestmal 
disturbances must be explained through some fault of kidney function 
As these distuibances occur also in experimental nephritis of the tubular 
type (uranium, chiomium and corrosive sublimate) and not at all oi to 
but a slight extent in the vascular form (arsenic), they, would appear 
to be due to a fault of tubule function, and the natural inference is that 
these disturbances are to be explained bj' a vicaiious elimination into the 
gastro-intestmal canal of toxic products normally eliminated by the kid- 
neys, and presumably aie the manifestations of experimental uiemia 

Some support of such a theoij' is offeied by clinical studies of uremia 
by Von Noorden and his associates, who have found such a vicarious 
elimination, with an increase of ammonia nitrogen, to occur especially m 
the so-called uremic diarrhea 

In one of my early investigations I tested this theory as far as fecal 
nitrogen is concerned in animals with kidney reduction, but with nega- 
tive results More reeentljf, with the assistance of Dr Hill, I have esti- 
mated the total nitrogen elimination in urine and feces in a group of 
animals with various forms of experimental nephritis A constant 
decrease in urinary nitrogen varying from 9 to 14 per cent was noted in 
the tubular form of nephritis, during the few days preceding the devel- 
opment of gastro-intestmal disturbance, but at no time was the fecal 
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nitrogen appieciably altered Siegel in similar cxpciiments has also 
found the same diop in urinaiy nitiogen without an increase m fecal 
nitrogen ^ 

Metabolism studies, theiefore, indicate that the alimentaiy disturb- 
ances are not due to vicaiious elimination of nitiogenous substances into 
the intestine, oi, on the other hand, to diminished absorption of such 
bodies therefrom It may be possible, as I have suggested elsewhere, that 
toxic substances, non-nitrogenous m natuie, which cause irritation by 
elimination into the intestines, are lesponsible for this disturbance; oi 
that, accumulating in the blood, they act either through the contial nerv" 
ous system, or locally on the tissues with which they come m contact 
This problem I consider one of the most impoitant ofTeicd foi solution 
by expeiimental nephritis The gastro-intestinal disturbances with the 
associated respiiatory and circulatory disturbances, and, not infrequently, 
a period of unconsciousness, essentially coma, for scvcial hours before 
death, constitutes a syndrome chaiacteiistic of lenal insuhimernr,, 
picsumably, of expeiimental uremia It is not too much lo a.-',ure rlrr 
the determination of the factois lesponsible for tins expei imenU' 
tion may explain some phases of uiemia in man 

IIYPERTENSIOK AND HEART JTYPhJi'J JtOJ'Jfj 
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the kidney substance, appiovimately two-thiids to thiee-fourths, by suc- 
cessive opeiations, a rise of blood-pressure occuiied winch was peima- 
nent and associated uitli caidiac h 3 peitiophy and the elimination of an 
incieased amount of mine of loweied specific giavity This result w'as 
not constant, but occuried in about 25 pei cent of the animals which 
suivived, by at least foui Aveeks, a consideiable i eduction of the kidney 
substance In such it Avas obseiA^ed also that aiteiial spasm with fuithei 
use of blood-piessuie quickly folloA\ed stimuli aaIucIi in noimal animals 
Avould produce little effect These obseivatioiis suggest that the heart 
hypeitiophj is due to increased Avoik lesulting fiom the circulatory dis- 
tuibances caused by the tendency to aiteiial spasm, and that the vascular 
spasm IS due in its turn to the elTect of letained toxic substances 

The deteimination of the blood-piessuie in these expeiiments A\as by 
direct measuiement in the femoial ailei} , single leadings A\eie made 
befoie opeiation and one oi nioie aftei opeiation Although the differ- 
ences noted, vaiying from lo to 29 mm Hg with an aveiage of 21 5, are 
quite definite, they aie open to obiection, as Theodoie C Janeway has 
pointed out, on account of the well-knoA\m noimal vaiiations in piessuie 
Aihicli occui from time to time To obtain moie definite infoimation of 
the changes from day to day, JancAiay has utilized in such expeiiments 
the univei sally accepted clinical method of detei mining blood-piessure 
He has modified the Eiva-Eocci cuff so that it may be applied to the foie 
leg of the dog, and the piessuie detei mined Avitli a minimum of eiror, 
estimated at about 10 to 15 mm This method of measuiement he has 
used on animals in AAdiich the lenal substance had been i educed by Car- 
rel’s method of ligating seveial of the blanches of the lenal aitery 
Observations on such animals, in some instances coveiing a peiiod of 
fifteen months, shoAv, as compared AAutli the normal leadings befoie opei- 
ation, a decided increase in pressuie, thus in one animal was observed 
an mciease from the average normal piessuie of 90 mni to an aveiage 
of 125 mm after 100 days, in another an inciease fioni 117 to 150 mm 
The maximum and minimum pressures of the respective daily obsei ra- 
tions showed also the same lelative increase 

Trom a consideration of the experiments of Passlei and Heineke and 
of JaneAva}^, one cannot but conclude that a condition of expeiimental 
hypertension of renal origin is bi ought about as a result of the reduction 
of kidney substance Such experiments, lioAvever, as yet offer no expla- 
nation of the mechanism by which the hypertension arises It can hardly 
be due, m the extirpation experiments, to the influence on function of 
mere reduction of kidney tissue, for as I have shoAvn, the ^Tactor of 
safety” foi the kidney is such that one-half of one kidney appeals to be 
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sufficient foi the propei elimination of nitiogen and presumably also for 
other solids Nor in the ligation experiments of Carrel and Janeway 
can it he due to the mechanical effects of the reduction of the kidney 
circulation, for, as Ludwig has shown, complete ligation of the renal 
arteries is not followed by permanent increase in the general blood-pres- 
sure The single anatomical condition which is unaYOidable and fol- 
lows all forms of injury is a xaiying degree of infarction-necrosis This 
IS slight in amount in the ‘"polar” excisions of Sampson and myself, some- 
what greater in the “wedge” excision of other investigators, and from the 
nature of the injury must reach its maximum in the ligation experi- 
ments of Cairel and Janeway In itself this infarction cannot be respon- 
sible for hypertension, but the persistent albummuria in Janeway’s dogs 
indicates that it may be responsible for the development of a true nephritis 
which, of course, adds to the factor of diminution of functional area that 
of altered function Similarly in the extirpation experiments, the irrita- 
tion of sutures in the pelvis of the kidney, causes occasionally the 
localization of the colon bacillus with infection of the infarcted tissue 
and the development of a pyelonephritis (Sampson and Pearce), which 
must exert an injurious action on the remaining kidney substance, and 
as time goes on, lead through attempts at repair to a more oi less 
chionic lesion 

I have gone into this matter somewhat critically because, although 
the results of reduction experiments are striking, the procedures by which 
they are obtained are not such as involve only a single factor, but bring 
several forms of kidney injury into play , that is, reduction of functional 
substance and productive, atrophic and vascular changes accompanied by 
the elimination of albumin and casts In other words, a chronic lesion of 
the kidney, characterized by hypertension, heart hypertrophy and increased 
flow of dilute urine is produced, and this may be considered as an experi- 
mental disease analogous to certain phases of chronic renal disease in 
man, but it gives us no facts which explain the etiology of the vascular 
disturbances of the latter The production, however, of hypertension 
experimentally is no small gam, and it is to be hoped that in future 
investigations the various factors involved in the experimental disease 
may be analyzed and controlled, and that the essential etiology of experi- 
mental renal hypertension established 

There is one aspect of these studies which is of considerable theoret- 
ical importance Passler and Heineke state that although an increased 
flow of urine of lowered specific gravity usually accompanies the experi- 
mental heart hypertrophy, it may occur in the absence of hypertrophy and 
hypertension This would indicate that polyuria is independent of 
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increased blood-piessure, and is of inteiesi in connection witli Loeb’s 
liypotliesis of the influence of a glomenilai leflex in the production of 
lijpei tension TJiis is based on the fiequcncy with which hypei tension 
m man is accompanied by gloineiular lesions (Schmidt), and on the 
physiological law that the functional pou ei of the kidney depends on the 
late of blood-flow thiough the glomeiulus Loeb assumes that with, 
gieatly incieased capillaiy lesistance within the diseased glomeiulus, the 
inciease of flow due to local vasodilatation is insufficient foi the needs of 
the kidne}^, and that the glomeiulus sends a call be3ond the local vaso- 
motoi system uliicli, leacliing the ceiebiospinal centeis, causes a leflex 
splanchnic vasoconstiiction and thus inci eases the general blood-piessure 
so that a iioima] flow tliiough the alieied glomeiulus lesults This 
hypothesis might well be applied to explain the lesults of reduction 
expel iments The demands of watei elimination on the gieatly i educed 
numbei of gloinei uli in the pcisisimg Icidne} fiagment might readily 
excite a leflex splanchnic constiiction to aid in the piopei elimination 
of watei Thus vould be explained the incieased blood-piessuie, and by 
its continuance the eventual heait liypeitiopliy This attractive hypoth- 
esis cannot at piesent leceive suppoit fiom reduction expei iments if 
poljuiia without incieased blood-piessuic, as observed by Passler and 
Heineke, is found to be a fiequent condition Then expei iments, however, 
were made on a comparatively small numbei of animals, and the investi- 
gation of this hj^pothesis should be an nnpoitant phase of futuie studies 
of the reduction of kidney substance 

As all foims of expei imental i eduction of kidney substance are 
chaiacteiized by loss of glomeiuli and bj^ eitliei incieased blood-pressure 
or polyuria, oi both, and fiequently b}' heart hypertrophy, and, on the 
other hand, as hypei tension does not occur in the presence of a normal 
splanchnic ciieiilation, it would seem possible, by piopeily planned 
reduction experiments, either to disprove or to establish Loeb’s hypothesis 
and thus to clarify to some extent the at present confusing theories of 
hypertension m nephritis 

Several other aspects of this phase of renal disturbance might be dis- 
cussed, as the influence of a possible internal secretion of the kidney 
on blood-pressure and the matter of the presence of blood-piessure-iaismg 
substances m the serum of nephritis, but to such problems the study of 
the acute forms of experimental nephritis has little application, and the 
results of the stud}'^ of expei imental chronic lesions, thus far obtained, are 
either contiadictory or entirely negative 

In concluding this presentation, I admit that I have neglected several 
important phases of expei imental renal pathology and have treated others 
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in a more or less incomplete way Sneli omissions have been intentional, 
as I have preferred to emphasize those problems to which have been 
applied methods which offer a functional conception of disturbance in 
nephritis, and which tend to distinguish between the results of tubular 
as contrasted with glomerular lesions and to show the relation of these 
to some of the more important manifestations of renal disease To such 
a conception, supplementing the older anatomical knowledge, we must 
look for the ultimate solutmn of the problems of nephritis. 
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I IITTRODUCTION 

The aortic valves are not opened at the very beginning of ventricular 
systole The intraventricular pressure must be raised above the pressure 
in the aorta before the valves are opened, and in order to do this a definite, 
measuiable length of tune is required This time is known as the pre- 
sphygmic period or interval of the cardiac cycle 

The purpose of the present work has been to measure the time of this 
period between the beginning of ventricular contraction and the opening 
of the aortic valves, and to study its variations under different patho- 
logical conditions It seemed likely that the heart would be unable to 
overcome the aortic pressure and so send forth the pulse wave as quickly 
under certain abnormal as under normal conditions, and the study was 
undertaken with the hope of obtaining results that would be of practical 
clinical value, as well as an addition to the theoretical Imowledge of the 
pathological physiology of the circulation Eesults that may prove valu- 
able from each point of view have been obtained 

II PRESENT KNOWLEDGE OE THE SUBJECT 
The present knowledge of the length of the presphygmic peiiod is 
almost exclusively confined to its normal length, and as this has been set 
at so many different figures, the normal presphygmic period can be con- 
sidered as still unsatisfactorily measured This period has been known 
by various names It was called the presphj^gmic interval by Ke}t, the 
Anspannungzeit or exertion time by Landois, the Y ei schlusszevt or closed 
period by Maitius, the Latenzdauei dei Pulscuive or latent pulse time by 
Edgren, and the syspasis by Garrod All of these terms indicate a slightly 
different conception of the period, and but one, the Y ei sclilusszeit or 
closed period of Martius, needs comment Martins conceived of the peiiod 
as that time when all the heart-valves are closed, a condition that is impos- 
sible when an incompetent valve is present Our conception of the 
presphygmic period focuses itself on the intraventricular pressure in its 
relation to the intra-aortic pressure, and we thmk of it as that period of 
time durmg which the contracting left ventricle is raising the intraven- 
triculai pressure to overcome the intra-aortic pressure 

The presph 5 ^gmic period was first measured in man by Eive, working 
under the direction of Bonders, who deteimmed its duration as 0 073 
second This work was followed by Landois, who gives 0 085 second for 
its time Vaiious methods have been employed for measuring the pre- 
sph 3 'gmic period in man, the prmeipal one bemg measuring the length of 
time between the beginning of ventricular systole as determined by the 
cardiogram, or the occurrence of the first heart tone at the apex, and the 
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appearance of the ailerjal pulse wave m some vessel, usually the carotid 
artery, at a point of known distance fiom the heart ^Vhen the time of 
wave transmission is subtracted from this interval, the time between the 
beginning of ventiicular contraction and the starting of the pulse wave, 
the piesphj'gniic period, remains Tiacings have also been made simul- 
taneously fioin the apex-beat of the heart and fiom the aortic aneurisms, 
when the time of uave conduction can be ignored In a few cases the 
piesphygmic peiiod has been measured where the human heart has been 
practically exposed by operative or congenital defect of the chest wall 
Mai tills consideied the ascending limb of the caidiogram as representing 
the presph3'gmic period, and he and some others have estimated its length 
by measuring the duration of this part of the caidiogram The presphj^g- 
mic peiiod has also been determined by subtiacting from the entire 
systole of the ventiicle as determined b}^ the cardiogiam, that part occu- 
pied b}' the pouring out of blood as detei mined bj" the sph3'gniogram The 
dilTeience in time between the occuirenee of the first heart sound at the 
apex of the heait and at the base has also been determined, and maj^ rep- 
resent the duration of the picsph3gmic peiiod Tiger stedt finds in his 
tracings from the aoita exposed by an opeiatne procedure a small wave 
befoie the main systolic vave This, he believes, represents the period, 
and measures its length as that of the piesphygmic time 

Table 1 shows the results of various observers and their methods 
Obviously there is little constancy in the lesults Tins is partly due 
to the use of the vaiious methods, all of which contain intiinsic errors 
The chief difiSculties in measuring the time between the beginning of 
ventriculai systole as deteimined by the cardiogram, and the appear- 
ance of the carotid pulse as deteimined by a sph3gmogiam synchion- 
ousl3’- taken, lie in the exact deteimmation of the foot-points of the 
traemgs and in the collection for the wave transmission time These 
two possibilities of enors will be further considered The measurement 
of the interval that separates the pulsation in an aortic aneuiism from 
the beginning of ventricular systole should be accurate, but under these 
circumstances the circulatory apparatus is not noimal, and factors which 
will be shown later to alter the length of the presph3'gmic period are 
probably present That the ascending limb of the cardiogram represents 
the presphygmic period has already been denied by Hilbert and others, 
with good reason The traemgs of Erlanger from the exposed heart 
have given a very long presphygmic period, or ^'period of rising tension, 
as he calls it But he questions his own results in the measurement of 
this jieriod They were obtained b}'' measuring the difference in time 



a G ROBINSON— a DRAPER 


171 


between the beginning of ventricular systole in the cardiogram and the 
appearance of the pulse-wave in the brachial artery, and allowing for the 
tune of wave transmission A mistake in these calculations has made 
the time of this period about 0 015 second longer than it should be ^ 

An extensive study of the presphygm/ period in animals is that of 
Hurthle He used dogs and rabbits, and tor the foimer gives 0 03-0 01 
seconds for the duration of the period A study of the effects of changes 

TABLE 1 — RESULTS OP VARIOUS OBSERVERS AND THEIR METHODS 


Time of Pre- 



Year of 

sphygmic Period 

Observer 

Publication 

in Seconds 

Rive 

1866 

0 073 

Landois 

1872 

0 085 

Grunmach 

1885 

0 07 

Keyt 

1887 

0 06 

Martius 

1888 

0 07—0 14 

Bdgren 

1889 

0 087—0 093 

von Ziemssen and von 

Maximowiteh 1889 

0 08—0 17 

Reck 

1890 

0 045-0 06 

Hurthle 

1891 

0 06 

Hilbert 

1891 

0 06—0 12(’) 

Schmidt 

1893 

0 02—0 04 

Hockhaus 

1893 

0 07—0 10* 

0 077-0 154t 

Bmthoven and Geluk 

1894 

0 06 

Muller 

1895 

0 025—0 07 

Jaquet and Metzner 

1901 

0 02—0 03 

von Juigensen 

1903 

0 07 

Erlanger 

1905 

0 12—0 18 

Lucianl 

1905 

0 08—0 10 

Tidei stedt 

1908 

0 051 


♦ Normal t Pathological 


Method 

Cardiogiam and carotid pulse 
Coriected foi transmission 
First heart tone and carotid pulse 
Coriected foi transmission 
Not given 

Caidiogram and carotid pulse 
Corrected for tiansmission 
Time of ascending limb of cardio- 
giam 

Cardiogram and carotid pulse, 
Coirected for transmission 
Ascending limb of cardiogram 
from exposed heart 
Cardiogram and pulsation of 
aortic aneurism Part of as- 
cending limb 

Cardiogram and carotid pulse, 
Corrected for transmission 
Cardiogram and caiotid pulse. 
Uncorrected foi tiansmission 
Cardiogram and caiotid pulse, 
Coirected foi transmission 
Caidiogram and caiotid pulse, 
Apparently uncorrected for 
transmission 

Difference between at heart tone 
at apex and base 
Cardiogram and pulsation of 
aortic aneurism 

Cardiogram from exposed heart 
and innominate artery Cor- 
rected for transmission 

Not given 

Cardiogram fiom exposed heart 
and brachial pulse Corrected 
for transmission 
Not given 

Tracing from exposed aoita 


1 At the request of Prof Erlanger we wish to call attention to an inaccuracy 
in calculation in liis paper entitled “Cardiogram Obtained from a Case of Opei- 
ative Defect m the Chest Wall” (Johns Hopkins Hospital Bulletin, 1905, xvii, 394) 
In estimating the time of transmission from the base of the heart to a point 35 
cm distant on the brachial artery, he says that as the rate of transmission in the 
brachio-iadial arteiy of this case was 6 8 meters per second, the delay, or time of 
pulse wave transmission was 1 8 divisions of his time markei, which leeoided 0 02 
seconds, or 0 03G seconds The proper time of pulse wave transmission is 0 0515 
or approximately 2 5 divisions of the time marker. 



172 


PJUJSPJIIGVJC pninoD of tiif tie apt 


m aoitic piessuie and of vaiions slnnnlaiions arc included in liis woik 
Maie 3 ineasuied the peiiod m the hoise, and found it to be 0 01 second, 
while Fiedciicq gnes 0 07 second foi the dog 

III JIKTIIOD OP niPSLXI STUDY 

The piesent investigation of the piesplijgmic peiiod is based on a 
study of about sixty patients, fiom whom between si\ and se\en hundred 
tracings Mcie made 0^cl 500 of tlicse tiacings Mcie studied, but only 
about 300, lepiesenting 20 of the 60 patients, weie used as a basis for 
conclusions As much caie as possible was exercised to exclude faulty 
01 wiongly Intel pi eted tiacings The inoihod eniplojed consisted in 
taking a senes of tiacings from each patient fioin the apex-beat of the 
lieait, caiotid, biachial and ladial ai tones and from the jugular vein, in 
various combinations T'lie dilleience in time betueen the beginning of 
ventiiculai systole and the appeaiancc of the eaiotid pulse (the "WC 
tune) was raeasuicd fiom the curves Tlie speed of pulse-wave tiansmis- 
sion uas mea'^ured m the biachial and ladial ai tones by taking tracings 
sjmchionouslj fiom tuo points on the aim at a known distance apart 
By tills means the speed of wave tiansmission pei centimeter in each 
patient vas detcimined, and this uas multiplied by the distance from the 
second right interspace on the chest wall to the point wheie the caiotid 
tracing was obtained By tins means the time of wave transmission from 
the aortic valves to the caiotid aitcij^ (S-C oi semilunai — caiotid — ■ 
time), was determined By subti acting tlic S-C time fiom the Vs-C 
time, that is, subti acting tlie time of wave tiansmission from the time 
between the beginning of ventriculai systole and the appearance of the 
carotid pulse, we obtain the prespliygmic period The time between the 
ventricular systole and the appeal ance of the ladial pulse-wave, the 
Vs-B time, was measured to obtain a conti oiling factoi The jugular 
pulse tiacings iveie used to aid in the inteipretation of the caidio-^ 
grams Although the method is simple, it contains both inherent inac- 
curacies and technical diflSculties In older to minimize the effects of 
these difficulties tracings were, in all cases that were finally used, taken 
two or more times until an agreement of lesults oceuired The tracings 
were taken by the Jaquet sphygmocardiograph, with which, after consid- 
erable practice, satisfactory curves were obtained The double lever action 
of the writing levers, the benefits of winch have been recently pointed out 
by Fetter, and the horizontal rather than vertical movement of the 
writing-points, are both features of the instrument that make it preferable 
to the usual types of drum kymograph Of course, the convenience of 
its application and its poitability make it very suitable for clinical use 
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The time relation of Uo cuives synchronously taken was always 
measmed by that pait of the time-marking cuive that lay diieetly above 
the measnied interval The time-cmve maiked inteivals of 0 2 second 
All measiiiements were made from ciuves taken when the instrmnent 
was running at its fastei speed, i , the paper moving at about 10 cm 
pel second The tiacings fiom the ladial arteiy ueie obtained by spring 
tiansmission, as aiianged in the Jacqiiet instiuinent The leceivmg 
appaiatus foi all othei curves was except in special instances, an open 
funnel, with an transmission The caidiogiams were usually made with 
the patient lying slightly on the left side 

The results from only those tiacmgs which fulfilled the following 
conditions were used In each curve the following conditions must be 
fulfilled 

1 The beginning points of all ivaves (foot-pomts) must be sufficiently 
shaip to ensuie then accurate deteimination 

2 The waves must all be of appioximately the same size, contain no 
signs of technical deformity and lepiesent as nearly as possible the full 
motion of the vessel or heart 

3 The distance betveen the pointb uheie the wiitmg levels lest at the 
beginning and end of a curve must be the same in the thiee synchionoush 
taken tracings This was to piove that the paper had lun straight thiough 
the apparatus 

To calculate time lelations, the lelations of all synchionoiis naves in 
a tiacmg that fulfilled the aboie conditions weie measuiecl and wlien 
these measuiements all fell within the limit of technical eiror, they weie 
aveiaged After many observations the limit of technical eiioi has been 
consideied as 0 010 second 

IV CEITICISM OF riETIIOD 

The presphygmic jieiiod can be studied in a relatively small per- 
centage of cases, for unless there is some cause to produce ovei action of 
the heart, oi unless there is some abnormality which allows unusual 
exposure of the lieait, it is verj difficult to obtain caidiograms satisf ac- 
tor}^ for study Therefore deteimination of the normal presphygmic 
period is especially difficult The inheicnt inaccuracies of the method 
make it impossible to measuie the length of the presphj^gmic peiiod with 
mathematical coiiectness The aim has been to come as near this as 
possilde, and to keep all souices of error constant, so that variations are 
real 

It IS impossible to deteimme exactly the tiansmission time of the pulse- 
wave fiom the aortic valies to the carotid artery, because the speed of 
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wave transmission in tins stieteli of vessels can not be directly measiued 
oSTor does it seem coiicct to considei this time a constant in all cases^ as lias 
been done b} seveial pievioiis ]n^esllgatols, since the extensive vork of 
Ive 3 't shovs that man^ factois ma} change the speed of vave transmis- 
sion, and since Giunmacli gives figiiics to show that pathological condi- 
tions may produce these changes So it vas considered more nearly 
appioaching accniacy to deteimine the speed of pnlse-wa%e tiansmission 
pei centimetei m the ^essel« of the aim m each case, and to calculate the 
S-C time vith this unit Foi this pinpo«e, tiacings vere taken from 
the light brachial alien at an aieiage distance of about 40 cm above the 
vii'st s^nchiononsly v itli tiacings taken fiom the left ladial arleiy From 
these tiacings the ‘speed jiei centimetei m the aiteiies of the arm vas 
obtained bj diMcling the total time intervening between the braebial and 
ladial waie b^ tlic distance separating the leceivcis 

The thicc possible sources of enoi in this method aie that there may 
be diffeiences in tiansini^^ion bj the ‘^jiiing and air methods, that the 
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pulses in the two aims may not be s^mchionons and that the speed of 
wmve tiavel ma}' not be, and is piobably not the same, up to the carotid 
aiteiy as it is along the aim 

The hi ‘it of these possible souices of eiior was eliminated by the fol- 
lowung pioceduie Cuives w'eic taken fiom tlie two ladial pulses, 
syiicbionoiislj, one by the usual spiing tiansmission and the otbei b}^ a 
speciall}'^ devised receivei wuth an tiansmission and without the use of 
any spiing The two leceiving methods w^eie then leversed and the spiing 
tiansmission applied to the light wiist instead of to the left as at fiist 
and vice versa with the an transmission TJndei both conditions the pulse 
weaves fell aecuratelj^ togethei (Tracing 1) This lesult show^s not only 
that the two methods of tiansmission are of equal speed, but that the 
radial pulses w^ere in the twm cases in wliicli tins experiment W'^as made. 
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synchronous Excellent curves by Keyt in several instances show that 
the ladial pulses aie normally synchronous 

In a number of cases tiacmgs weie made from the radial and brachial 
aitery synchronously on the same arm This method always gave a slower 
speed of wave travel than when the crossed method (brachial tracing from 
one arm and the radial tracing from the other) was used, so that it was 
considered that pressure excited on the brachial aitery caused a delay of 
the pulse-wave below this point Keyt has shown that this is true 
Theiefore, the crossed method was considered more accurate The two 
radial pulses were always palpated together to deteimine as far as possible 
whether they were synchronous or not The effect of slowing of wave-speed 
due to piessuie may possibly account foi the much slower speed obtained 
by practically all other observers An attempt was made to devise a 
f 01 inula by which the speed of wa\e transmission in the arm vessels could 
be conected foi the vessels leading to the neck, but this was not possible, 
and the speed of wave transmission as found in the aim arteries was 
applied to determine the time of transmission to the carotid arteiy It is 
not easy to say whethei this pioceduie makes the S-C tiansmission 
too long 01 too shoit The question of wave tiansmission in the various 
vessels is a very complicated one It has been lecently discussed by 
Kicolai, who says that speed of wave tiavel must be gi eater in the aorta 
than m the aim vessels, and it is inoie lational to believe that the pulse- 
wave travels at a inoie lapid late up to the carotid fiom the heait than it 
does along the aim arteiies If this be the case oui coriection foi trans- 
mission has been too gieat Giunmach, on the other hand, gives figuies 
that indicate that the speed of pulse-wave tiavel is less up to the carotid 
ihan it IS along the aim aiteries His methods deseive ciiticism, however 
He measuied the time between the appeal ance of the eaiotid wave after 
the beginning of the apex-beat in synchionously taken tracings, and 
assuniing that the piespliygiiiic peiiod was a constant, substi acted 0 07 
f 10111 this time The results of oui work show that this assumption was 
not wan anted, and so it may have led to inaccuiate lesults He gives no 
tiacmgs fiom which to ^udge of his cuive interpietation Keyffs thorough 
consi delation of this point led him to a definite conclusion that the pulse- 
wave tiavelled slowest in the aoita, and if Ins results as obtained on a 
constiucted scheme of tubes and pump can be applied to the living organ- 
ism, his conception is suiely collect 

It seems more likely that the pulse-wave tiavels up to the carotid 
arteiy iiioie slowly than it does along the aim, and theiefoie more time 
should have been subti acted fiom the IVC time than we have taken to 
get the eoirect time of the presph3'gmic period 
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The dctcimmatioii of the speed of ^\a^e li aiismi'^sion in the aim by 
the methods which we haie employed oaniiot be considciod cntiielv satis- 
facloi 3 At fust tiacingv wcic taken lioin the biachial aiten by the 
application of a well-htting uibbci-iimmcd lecenei^ but with the hope 
of obtaining bettei icsvilts in the la^^t ten cases tlie tuigo'^phygmograph of 
Ko7ic/kow sk^ w as eniploi ed. as w ell as the funnel i eccivei Ko/ie/koii skv’- 
instuiment did not pioie ici\ salisfactoii foi oiii piiipose^ and in onl) 
three of the ten ca<-c« weic beitci cm\c^ obtained with it than with the 
fnniicl icccuei ('i’laeings 2 and 3) The aieiage speed of wave tians- 
mic^ion in the aim as obtained hv the funnel leccnoi ovei the biachial 
niton w.i'- 1} 13 moieis pei ‘•ocond while with the tiiigosphigmogiapli it 
was 1(! IG nietei'' jiei second the tiacings lioni the ladial aiteii 

lemained a constant, the method that gave the slowei tiansmission ^peed 
must he consideied the iicttei a'? it i^ the method which iccoided the 
cailiei waic impulse in the biachial ailcn Foi a stiotcli of 40 cm of 
\e^H'i about the length u-uall\ enijiloied the niciage tiansmission tune 
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with the funnel diansinission wms 0 028 seconds and foi the turgo- 
sphygmogiaph 0 024 seconds The cxtiemes of transinission speed that 
were employed in the calculations w'eie fioin S 35 meteis to 20 0 meteis 
pel second This transmission time is distinctly fastei than the figures 
grven others Erlanger gives 6 8 meteis pei second in the biachial and 
I'adial aiteries, Guinmacli, 6 15 meteis per second fiom the heart to the 
radial pulse, Hrrithle, 6 meteis per second Landois 9 42 meters per 
second in the arm arteries, and Jaqrret and Metzner 5 33 betw’^een the 

innoinmate and the carotid arteries 

We have preferred, however, to take the figures as w^e have found them 
in each case, rather than to adopt from the figures of others a standard of 
wmve transmission for all cases Although w^e feel that correction o 
transmis'^ion time fiom the semilunar valves to the carotid artery is not 
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inatheniatically collect, we believe that we have appi cached accuracy as 
closely as possible, and that the enoi must cause such a small inaccuracy 
in the calculated time of the piesphjgmic peiiod that it can be piactically 
Ignored The speed of nave transmission in the aim, together with the 
piesphygmic peiiod and diagnosis is given m Table 2 

A number of technical difficulties which weie found to lead to incoi- 
reet results had to be carefully guarded against It was found that the 
smoked paper stiip could lun through the Jaquet instrument obliquety, 
so that the distances between the points wheie the various writing levers 
rested befoie starting and after stopping the instuiment were not the 
same in the three s^nchionousl}’’ taken cuives Indeed, the distortion 
could be so marked that when the point of depaituie of the measuiing 
compasses vas taken at the begmnmg of the strips one set of wave rela- 
tions resulted, while, when the point of departure was taken from the 
tei minus and the strip measured backward a totally different wave i ela- 
tion was obtained AT'igiiance was ah\a 3 S necessary that mistakes might 
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not occul ni the many measiii ements and calculations that weie neces- 
saiv 

But the chief difficulty was found in deteimmmg the exact position of 
the foot-pomt oi beginning point of the vaiious curies, and m deciding 
vhen the foot-pomt actually lepiesented the beginning of tbe vanous 
movements in vessels oi heait A simple rule tliat aided in the mteipie- 
tation of cuives vas the following Any eiioi in the foot-pomt m the 
fiist of tvo sinchronous wares tends to lessen, any erior in the foot- 
])omt of the second tends to lengthen the distance between the foot- 
points of the two V aves It ii as often especially difficult to know when 
the tiacmg fiom the caiotid arteiy shoved the first moiement of tliat 
lessel The impoitance of deteimmmg that point is illustiated hv 
Biagi'am 1 Wlien the funnels oi pelotte vere not piopeily placed 
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ovGi the ^essels, oi wlicn the vessels vcie so deep-lying that jiropei 
application vas difiicnlt, the vaves veie sometimes pieeeded by a defi- 
nite dip 01 negatne influence, vhicli, of com=e, made accuiate detei- 
mination of the piopei foot-point impossible In othei tiaciiigs the 
using limb of the ciines vas pieeeded by a flat ba«e, 11111011 indieated 
that the leeeiici vas not 1 casting on the vessel, and vas not at all time^- 
lecoiding the inoiements of the le'^sel In one tiacing fiom the caiotid 
aiten a marked anaeiotic vaie vas pic«cnt in the fust vaves, but had 
neaih disappeaied befoie the end of the tiacing With the disappeai- 
anee of thi« vaic the tiacing voiild have become quite inaccuiate It may 
be leadil}'^ supposed that thiough thickened aiteiial vails the pulse-wave 
vould not be coine3cd so quicklj as thiough soft, lelaxed vails, and that 
so gieat a pies'^uie could be put on a. icssel, especially on the ladial aitery 
b} the spiing of the sjilngmogiaph, that time vould be lost m oveieoming 
this piessuie bcfoie the viiting leiei vould be mo\ed It is possible also 


X 


r c r ' 

Diagiam 1 — Tiue (c) and false (c and c") foot points of caiotid vave, 
showing liow its incoricct doteiinination nia> .iltei the ineasnienient of the pie 
sphjgmic peiiod (PP, PP and PP") V, indicates lelatnelv nheie foot point 
of caidiogiam would fall 

that too thickl}'’ smoked paper can inteifeie with the movements of the 
ivriting levels All of these faults of technic have been kept in mind, and 
when any of them was detected the tiacing was not used 

Considerable study and inactice vas necessaiy m order to determine 
successful!}'' the beginning of ventriculai systole from the eardiogiam 
That this point can be detei mined accurately iiom cardiograms is indi- 
cated from an observation by Hurthle, who took symchronously tracin^^s 
from within the left ventricle of a dog by means of a sound, and a cardi 
ogiam from the chest wall, and found that the beginning of ventricular 
systole was indicated at the same time by both tracings The exact deter 
mination from the human cardiograms often presents a difficulty which 
Martius and some others have overcome by graphically recording the firsu 
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lieait tone at the apex and making measurements from this point In one 
of our eases where this was done means of the heart-tone capsule of 
Frank, the hist tone was found to begin slightly latei than the first move- 
ment of ventricular systole 

A very important factor in the interpretation of the cardiogram is the 
presence of the wave caused by the auricular systole, the so-called Ag wave 
or 'Wicular flip” Oui expeiience confirms Muller’s statement that if 
no As wave appears, the foot-point of the Vg wave is uncertain Excep- 
tions to this rule are found in cases with paralysis of the auiicle or when 
the As and Ys aie not piopeily coordinated Another reason why the As 
wave is important is that it practically assures that the heart is against 
the anterior chest wall at the beginning of ventricular systole, and that 
the fiist effects of ventricular systole are recorded 
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Tiaemg 4 — Showing As wave of the caidiogram m its moie pei feet form, the 
fiist pait negative and the second a positive vave The I wave is also shown and 
IS seen to he synchionous with the I wave in the jugulai tracing (Case 21) 

The As wave of the cardiogiam may vary consideiahly in form and 
lelation to the A^s wave without there being any dissociation of tlie heart 
beat Wenckebach has pointed out that the As wave is a pulse phenome- 
non when positive and due to the muscular action of the auricle when 
negative The two are often combined, the negative pait, which is often 
not seen, occuinng first, and the positive wave occurring later This we 
believe to be the raoie perfect foini of As wave (Tiaemg 4), and this con- 
sideiation of it explains wh^ the As wave of the venous pulse may occur 
sjnchionoiisly or before the As vave of the cardiogram, when only the 
positive pait of the v ave is seen in the cardiogram The As wave at times is 
distinctly separated from the A's vave (Tiaemg 5), while at other times 
it lies high on the caidiogram and ma} mask the beginning of the Y. 
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\\a\o ('Jiaomg 6) 3n Foinc of Eilangei's iiacnigs fiom the exposed 
Jieait tlie A, and V„ Ma\es me neaily ineigecl into one and fonn an 
almost unbroken ascending hue As that anthoi remmks, it is therefore 
obMOUS tliat nndei certain ciicnin^lance'; the two enn cs might be actually 
iiidistingni'ihab]} ineiged In such a case it Mould be impossible to 
determine from a stud} of the \entrieular caidiogiam alone the moment 
of the beginning of the ventiiculai conti action !Mullei has also noted 
the pos'?il)le conlu'^ioii between the A^ and Mme« 

There is anothei ■wa^e wliieh occui^ not infieqiicntly in the hist part 
of the caidiogiani. and 11111011 inai be icadih confused with the Ag wave 
It inai lan in position eien a<5 much as the Ag waie, but usuallv occupies 
when present the lower half of the ascending limb of the cardiogram It 
mai lie. howeiei along the base line of the caidiogram in a horizontal 
inannoi Then it is c'^pccialh oasi to confute il with the Ag waie This 


■& 



^ Ti \ciiig ) — As \\ ue is seen tlislincth sepnintcd fiom the wa\e 
Bigeminal pulse 'Iho fust caidiotriain of the jiaii sliows icii' slioit Vs C time, 
the second a icrj long one (Case 8) 


confusion has been recentl}' lefeiied to by Pachon Tins waie ivas pies- 
ent m laiious forms in foui of oui twenty-one cases As it lies between 
the As wave and the main Vs wave, we shall call it “P^ wave It cone- 
sponds, at least m time, ivitli the I waie of the venous pulse (B ivave of 
Piersol) [Tracing 4] The significance of this wave has been discussed 
by Jacqnet and Jletznei, ivho believe that it is part of the Vs w^ave, but 
they come to no conclusions as to its cause Tigeistedt offers the follow 
mg explanation for the intersystolic ivave Through auricular conti ac 
tion the ventriculai ivalls are expanded, and then contract through tlieir 
elasticity^ before systole begins By this means the pressure in the ven 
tricle is raised above that of the auiicle, and the auriculoventiiculai ia ves 
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aie closed befoie the begins Thus is the mtei systole foimed Piersol 
has considered this wave as representing the presphygmic period This 
conception will be referred to later We believe, howevei, with Jaqnet 
and Metzner that the I wave is part of ventricular systole Pachon offers 
experimental evidence for the same conclusion We have found that some- 
times the occurrence of this wave is markedly influenced by the position 
of the patient, and that it is more prominent when the patient lies on 
his back than when he is on the left side (Tracings 7 and 8) In some 
cardiograms both the As wave and the I wave are seen (Tracings 4 and 9) 
In Tracing 9 the two waves are especially well seen in their most common 
forms The relation between this wave and the piesph 3 gmic period will 
be spoken of later 

It IS 111 distinguishing the As wave from the I vaie of the cardiogram 
that the jugular pulse tracings have proved of especial value Such trac- 



Ti “icing 6 — The high-standing As waAe -nhicli may mask the beginning of Vs 
IS seen (Case 3) 

mgs ueie made m all cases m which it was possible,, and where these failed 
in several cases we vere aided in the interpretation of cardiograms by 
tiacings made by Dr Edens from the left auricle through the esophagus 
It is piacticall} alwajs possible to distinguish the As wave from the I 
wave b} the 3 ugular oi esophageal tiacings, and therefore the foot-point 
of the caidiogiam is made much more certain It is like!} that these 
w aves hai e been confused by some who have worked previously with cardi- 
ograms and that some statements of Schmidt maj be attiibuted to tins 
error 

In cases gi\ mg unusual cardiograms, the new photographic kymograph 
of Flank uas elllp]o^ed and curves vere obtained that were of distinct 
aid in determmma: the exact foot-points 
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pifijsrinaMic rupion of the heart 
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V RESULTS OF PRESENT STUDY 

By the emploj'ment of the foregoing methods, and by using only 
curves of whose interpretation we felt sure, we believe that we have 
greatl}’’ minimized or eliminated the error that would arise fiom a false 
interpretation of cardiograms or from the use of faulty cardiograms We 
believe that, m all eases from which conclusions have been drawn, we have 
definitely determined the point of beginning of ventricular systole 
The gloss lesults of this work can be tabulated as in Table 2 
In Table 3 the cases aie arranged according to the order in which they 
veie studied All time measurements aie in seconds The Vs-C time 
IS the average time (except where two figures aie given) that the begin- 
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Tracing 7 — I \';a%e absent, tracing taken with patient lying on left side 
(Case 10) , slioning one of the slioiter Vs-C times from case of neurotic insta- 
bility of the heait See Tracing 13 

nmg of die pulse nave appeared at a certain point m the carotid artery 
after the beginning of ventriculai s 3 'stole as indicated by the cardiogiam 
This point in the carotid artery averaged about 15 cm from the second 
right interspace It was the point where the pulse could best be recorded, 
and, of course, varied in different individuals The speed per centimeter 
IS the speed per centimeter of pulse-wave travel m the brachial and radial 
aiteries The S-C time is the calculated transmission time from the 
semilunar valves to the point in the carotid artery This subtracted 
fiom the Vs-C time gives the piesph 3 gmic period The S-R time is 



18} 


I’jfijspjnaMjr pnjuoD or tiu: nmirr 


tile Ciiloulalcd lime of \\n\e liansnii*5sion fiom llie semiliinai valves to 
the liidial aitei^ lliis is obtained b} siibti acting llie piesphygmic time 
fioni the lime, and is of value onl} as a contiol, espeeiall} on the 
speed of vave tiansmis'^ioii 

Although this table shous the details of oui findings, a better idea 
of the noimal length of the piesph}gmic peiiod, the variations in its 
lengtli and i elation to other cireulatoiy vaiiablcs can be obtained from a 
table in which the cases arc aiianged accoiding to the inci easing lengths 
of the picsplngmic peiiod ('f’able 3) 


TAHU: a— CAM'S MlUANGrn VCCOROING TO INCnrASKNG LIINGTIIS OF 

rui sl'inGMic rimiOD 


PiesplMpiiiic 





Pulse Rate 

No of 


lilond Picsstiie 

Pot 

Pei lod 

( nvt 

Dinfrnosl'. 

nitii 

Ilf. 

Minute 

0 0 !2— (0 11 i) 

10 

Miocniditis pninl%‘,is of nnilclp 
an li\ tliriiin at ierlo‘.cleio<;l‘^ 

S— 180 

D— 100 

78—107 

0 03 1— (0 OSS) 

8 

ArtorloccIcrosK, nnotnidltls 

S— 218 

D— 05 

48— C4 

0 0 W 

1 

At tei io'-cierosi'. 

8—125 

n— 70 

03 

0001— (0 082) 

10 

NctinstliPiiIa, bioiitliltls ntid 
pliai \ 

S— 1 !0 

D— 70 

83—100 

0 001— (0 111) 

20 

M\oi.ni(liti'., niili\tlnnin ilicii 
iiiatl‘,ni 

S— 05 

D— 50 

C2 

0 000 

• 

Aoitit and niltnl iiiNunitlotn.' 
niilli*' 

8—1 I 

D— 

02 

0 000 

0 070 

1 1 
> 

Aottic ln‘.tifli( iollt^, ‘,1 pilin', 

I at \ ii(,itis 

S— 125 

D— 

100 

5S 

0 070 

2T 

Neill nstlienln, iietiiotic niili\lli 
iiiia 

8 — 115 

15— 7' 

70 

0 070— (0 117) 

10 

Aoitit and niiti il lii'^tiniciem \ 
at 1 ill clitiii 1 

8 — 110 

D— -0 

54 — 71 

0 080 

11 

PiUllltl'- 

8—110 

r>— 70 

52 

0 082 

7 

Aitlcuiai 1 lieiiiiiati'-in 

8—1 30 

D— 00 

47 

0 08 5 

(> 

Gout and iK)l\ Cl tliPinin 

8—1 55 

1 ) — no 

88 

0 OSS 

15 

Aitictiiat iliciiinatistii 

8_J 80 

D— 100 

88 

0 080 

12 

CIiioiilc neiiliiltl'. 

8—100 

D — 1 50 

55 

0 OSO— (0 108) 

17 

Mittal and aottic in'.ufliciciiei 
niltinl stenoals aiiilculni panl- 
isis, airlii tiimia 

S— 95 

D— CO 

G7 — 78 

0 001 

IS 

Nlicloncnous Icukeinla, inllnl 
Insiiilicicticj ( ’) 

S— 08 

D — 55 

74 

79 

70 

TC 

0 001 

0 

\oitlc insuff, toioiinii sclero 
sis sipiiilis 

S — 130 

D — 05 

0 094 

5 

Aoitlc and initial liisuniclouci 

S— 122 

D — 70 

0 105 

1 5 

Ciiionic ncpliiltls 

S — 1 1 5 

D — 115 

t O 

TQ 

0 108 

4 

Aoitlc and initial insulIicloiKi, 
aottic stenosis ( ’) 

s — no 

D — 

i o 


Speed 
of Wave- 
Trans 
mission,. 
Meters 
Per 
Second 

12 5 


15 5 
14 7 
10 1 

20 0 

09 

11 S 

11 S 

14 3 

15 0 

ICC 

S7 

12 5 
IT T 
20 0 
15 2 


11 S 
13 4 


10 5 


The normal piesphygmic period is not easily deteiinined, not onty on 
account of the fact that it is neaily impossible to nieasuie it in perfectly 
healthy individuals, but also because fiom a senes such as ours it is very 
difficult to deteiraine ivhere the abnoimal nieiges into the noimal, and 
vice veisa But it is evident that those liguies lying in the middle of oui 
series represent more nearly the noimal than do the extremes We believe 
that the normal presphjgmic period has a duration of from 0 07 to 0 085 
seconds, but, as has been said pieviously, this cannot be consideied 
moie than relatively coirect, and not of absolute mathematical accu 
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laey The noimal length of the piesphygmic period is the dmation 
of that period in a subject who possesses sound heart and arteries which 
are under a health}’’, noiiual ncii-ous control That diseases of tire 
heart and vessels and a deranged nervous control may be present with- 
out changing the piesphygmic period beyond its normal limits cannot 
be denied But we believe that whenever we have found that the pre- 
sphygmic period departs fiom these limits that it has always been the result 
of some ciicnlatoiy abnormality Pathological conditions may cause the 
piesphygmic period to be shortened and to be lengthened, and when fac- 
tois producing both changes are present, it is probable that they may 
balance each other, and so produce no change sufficiently great to pass the 
limits of normal 

Cases 2, 6, 7, 11 and 21, with diagnoses of laryngitis, neurasthenia, 
plcuritis, articular rheumatism and gout and pol} cytliemia, showed nearly 
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Tiaciiig S — Tiacing fiom same patient (Case 10) as Tiacing 7, I wave well 
seen Patient was lying flat on liis back X is placed at end of I wave 

normal hearts and vessels Their presplij^gmic periods all fell within the 
limits of 0 07 second and 0 085 second These times were, therefore, con- 
sidered as the nearest to normal of all the cases studied 

Cases 3 and 14, which lie just below the set limit, showed distinctly 
deranged circulations, while Cases 15, 12, 19 and 9, with nearly similar 
piesphygmic periods lying just above the limit, also showed circulatory 
abnormalities 

The laiiations m blood-pressure do not bear tlie relation to the varia- 
tions in the presphigmic period that is rationally expected The figures 
m Table 2 show no apparent relation between the length of the period 
and the amount of either the sjstolic or the diastolic pressure The 
blood-piessuie was determined by the Eiva-Pocci sphygmomanometer 
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^^]ib llic aii'^cultaioii method It must be leincmbeicd, ]iovre''ei, that the 
onl^ measuinblc diastolic piessuie is the moan presmie The end dias- 
tolic ])icssnio ‘5ignilieant in the lulc iiliicb blood-pressure pla}s m 
deteiinining the leiigtb of the pic^plngmic penod Ibis^ ot couise^ 
cannot be incasuicd in man Tbeie does =ocm, bo\\o\ci, to be some lela- 
tion between tbe sboit picspb}ginic penod of the fust tuo cases and the 
laige dincience between tbe <?^slollr• and diastolic piessiires^ the blood- 
pies'^uic amplitude 'J’bis condition of blood-picssuie. combined with 
aiteuo';cleio‘5is is we belieic, tbe piobablc cause of tbe sboit peiiods Tins 
will be fuilbei discii's'^cd That tbeic is otberwi^e no appaient lelation 
accords with the cxpeiinicntal findingc of Iluitble He laised tbe aortic 
blood-piessuic in dogs b} diiect pie^^suie, and instead of pioducmg a 

^ i ^ ^ 

ApfiA IV 
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1 lacing 0 — /\« and I naics Loth wcW seen in their most common foims 
(Case 3) 

lengthened penod, as was expected, he found that tlicie was at least a 
tendency foi tbe piesjibygmic penod to be sboitei wntli the liighei than 
w’ltb the lowei intia-aoitic piessuie. thus affoiding an example of the 
wmndeifiil aceoiiimodating powmi of the ciiculator}'^ appaiatus 

The pulse-1 ate m various cases beais no appaient lelation to the 
lengths of the presjihygiiiic peiiods Although no satisfactory 0111^3 
bearing on the question of the effect of cliangea in the pulse-rate m t le 
same individual have been obtained, oui evidence seems to indicate fcia 
the length of the penod does not change with the pulse-iate to the ex en 
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bcliBYGd it to do Wo bGlieve also that Garrod is in error wlien lie 
says that the period deci eases in length as the pulse increases in rate^ so 
that when the beats are 170 per minute the length of the period is 
reduced to nothing Indeed, the expeiiments of Hurthle on dogs give 
contrary evidence He varied the heart-iate by vagus stimulation without 
producing variations in the length of the presphygmic period We feel 
that the relation to the changes in the heart-rate is an unsettled question. 

The speed of wave transmission as measured in the arteries of the 
arm bears no apparent relation to the duration of the period (Table 2) 

The relation of valvular heart disease to the length of the presphygmic 
period is of especial interest, and we have studied aortic insufficiency and 
mitral insufficiency fiom this point of view The effect of valvular lesions 
has been studied by Hilbert, Hochliaus, and especially b} Keyt Hilbert 
estimated the period in five cases of aoitic insufficiene)^, pure and com- 
bined with other lesions, and concludes that m lieaits in good compensa- 
tion the piesphjgmic period is not altered by insufficient aortic valves 
Hochliaus gives the length of tlie period foi groups of pathological condi- 
tions He found that the average time for six cases of mitral insufficiency 
uas 0 093 second He consideis 0 07 to 0 10 as the normal time, and 
says that in six cases of mitial stenosis the vaiiations were within normal 
limits In two cases of imconi plicated valvular disease with anhvthmia, 
lengthening was present The extensive stud} of Heyt on the effect of 
valvular lesions, both on the presphygmic period of man and of an aiti- 
ficial heait and circulatoiy apparatus, led him to conclude that marked 
aortic insufficiency produced great shortening and mitral insufficiency 
lengthening of the peiiod He believed that these facts had very impor- 
tant diagnostic value Although Ins tracings are in the mam excellent, 
his reasoning correct and his point of view entirely rational, his conclu- 
sions are borne out by oui findings onlv in part 

As fiist pointed out b} Ke}t, a theoretical consideration of mitral 
msufficienc} would lead to a belief that this lesion causes a lengthening 
of the presphygmic period The rush of blood baclcv^ard into the auricle 
duiing systole vould make it more difficult foi the ventricle to raise the 
mtraventiieulai pressure, and therefore it would be expected that a longer 
time than normal vould be required to overcome the intra-aortie pressure 
In aortic insufficiency hovevei, the constant comhiunication between 
the aorta and the left ventiicle tends to lessen the differences of pressure 
that are present at the end of diastole, and so the intra-aortic pressure 
should be overcome quickly Wlien the aortic valves are practically 
absent, a condition that probably almost nevei occurs He} t believes that 
the Ys-C time is i educed to the transmission time, as the column of 
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hloofl of^iho .-.Oita ic4s on the ^on^nenl^I ^\nl]<= instead of on the aoit.c 
\al\es a'lie^c tlieoietical coii'idciations do not «eein to hold tiue for the 

uiculutou nppmatus of man a^ thc^ do foi tlie aititiciaJ heait and 
\Gfefc0l‘5 

0 haM' eiuounteied too feu rn-c-. of nneominned Aal\nlai lesions to 
di.iM definite conrln^'Jon*- OJ the emht ra'^o^ hicli mgic ^■judged cliniealh 
in Inno incompetent \nhc‘:, tuo showed a ‘^lioitcned and si\ sliowed a 
iengthenod pie^plngnnc penod 1'lic easc« of ‘-lioilened peiiod both had 
.\oilic in'^v\(lirK'nc\ , one puie and one cominned with initial insufficiency 
Fuc othei case'; with aouic in'^ntle leiu \ combined witli othci lesions, 
showed ioiii^dhened pot tod- tii the iwo ca-es it seems ^cl\ likely that the 
“'hoitened pic-pln"mic penod w.n the elloct of ilie aoilic msnfficienc'i 
Wlieic the jieiiod w.i'^ not «)ioitencd otliei f.ictoi^ e'poci.ilh the initial 
iii'-uthf U‘nc\ nun lune otl ot the eflcft of the aoilie mslI^fi(•lonc^ 






'liacnig ]0~SliOMiiig shoit Vs C time 


Aftci cooulmaiing the clinical stuch'- of the cases, when signs of lack 
of functional capabilit} weic especially consideied, we believe that the 
abnoimal lengtli of tlic pi esph 3 ’ginic penod depends moie on the lack of 
abilit}' of the Iieait to meet the demands on it than it does on valvular 
lesions in themsehes Weiglit is given to this suggestion by the finding' 
m twm incompletely- studied cases The hist was a case of pure mitral 
insufficiency in which thcie w-eie definite signs of decompensation The 
avpiage V^-C time w-as 0111 second, wdiieh would gne a piesphygmic 
penod of about 0 10, a maiked lengthening In the othei case tieie 
was puie initial insufficiency without decompensation The aie ag 
V,-C time wa= 0 066 second, and the piesphygmic penod can be assumec 
at about 0 056 second, oi distinctly- undei the noimal imi s 
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these two cases lesions giving similai cardiac murmurs were present, 
while theie was a marked difference in the ability of the two hearts to 
meet the vital needs, and we believe that it was more the difference in the 
geneial condition of the eiieulatoiy apparatus due to the combination of 
ahnoimalities than it was the valvular lesions alone that produced the 
marked diffeiences m the presphygmic times It is difficult, however, to 
sa 3 3 ust what rdle the valvular lesions as such play in producing varia- 
tions As the study of the two foregoing cases was not completed, they 
have not been used in our senes One patient became so ill that it seemed 
inadvisable to lepeat the tiacings, and so to contiol oui figuies, and the 
second patient left the hospital befoie the second tracings could be made 
Arterioscleiotic changes in the circulatory appaiatus appear to have 
a marked tendency to shoiten the presphygmic time Five of the seven 
cases Avhich have a piesphjgmic time below what has been taken to be the 
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inaiked aiilijtlimia with varymgVs-C time (Case lb) 


normal limit, give giounds for believing that the arteries were diseased 
The two exceptions. Nos 10 and 20, were cases of arrhythmia which had 
only occasionally piesphj^graic periods of slightly shorter duration than 
the noimal time, undoubtedly due to factois other than artenoscleiosis 
The thiee cases of outspoken arteiiosclerosis that were studied. Nos 10 
8 and 1, are the three that show the shortest presphi'-gmic time Two of 
those cases, it is true, were arrhythmic, and in them much longei periods 
than these lower limits weie usually seen, but the hearts m both cases 
undei ceitain conditions veie capable of liaMng presphj^gmic times maik- 
edl} less than the lover noimal limit (Tracings 5 and 10) 

The tvo eases, Nos 3 and 14, which shoved piesph 3 gmic times ^ust 
below the noimal limits, in spite of the fact that the heaits vere not 


runsrff} aufv minoi) or tju: nnMiT 

cDtiich cnpahJo /tiiicfionalh, jind c:ho\\cfl aoitic jnsuflicienc}, A\ere sypl>- 
Jt iiun be tliejofoie. iliai comliliojis appioaching those found in 
tlio niloiinl ‘•cloioiic cn^cs uoio pic^ent niid ma} haie been a factoi in 
'=boiioning the penod 

JiiK all each been it c^ce/ns },}co}} that the <=hoi temiig 

of tliH pound in aUeuo‘.c]oiou< bcai*. ^onie lelation to the targe blood- 
pio-Miio anijditudo It necowm foi the henit to eoiitiact foieibh 
in oidci to oioieonio the poupheial le^-i'^tance pioduccd b'^ inelastic 
niteuo=:. '/’his luk of e/a-'tuitx piobabh (lcpij\es tlie \essols of their 
accoinniodating ]io\\oi and j)ie\cnts tlioni fioni contiacling a^ readil} as 
iioinial ^(‘S'.e]s in ouln to maintain ilie blood-picssurc Owjng to this 
laolv of fontiaotilih of the le-'-els the piessiiie in the laigci aitcnes diops 
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'iiacing 11 — Sliouiiig Jong \ » C Imie, conipeiieation good (Case 13) 


suddeiil}' aftei iJie pidse-uaie has passed, and a low diastolic piessiue is 
piodueed In ai tei losclci otic cases thcie is piesent, theiefoie, a stiongly 
nciing left ventiicle, o^ciconung a low end-diastolic intia-aoitic piessuie, 
thus pioduciiig a shoit piesph3'ginic peiiod It does not seem cleai ivhy m 
one case a vei}’’ short penod oceuis without a laige blood-piessure ampli- 
tude, although it seems quite leasonable to suppose that with loss of 
elasticity m the cnculatoiy appaiatus, the opening of the valves won 

oceni inoie suddenly and shaiply 

Lengthening of the piesphyginic time was always piesent in 
eight cases that showed vaiious foims of cnculatoiy distuibances le 
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case lying just above tbe normal limit vi'-as a youth of 20, who suffered 
fiom aiticulai iheumatism, and who showed no signs of cardiac disease 
other than a persistently overacting and somewhat rapidly beating heart 
The piesphygmie time was 0 088 second As the cases lying below this 
one m Table 2 are levieived, and the clinical study of them coordinated 
with the length of the piesphygmie period, it is seen that the hearts in 
these cases as a rule apparently decreased in efficiency as the presphygmic 
period lengthened The two exceptions to the rule are Cases 17 and 13 
The formei showed a heart distinctly deficient in functional capacity, 
and the presphygmic time under the most favorable ciicumstances was 
only 0 089 second XJndei certain other conditions, howevei, the extremely 
long time of 0 168 second was encounteied If the average time had been 
used for classification instead of the shortest that occurred, this case 
would stand much lower in the list Case 13 liad a much longer pre- 
sphygmic period than would be expected from the clinical findings 
The heart was somewhat enlarged, but generally no murmurs were 
heard, and the compensation seemed good We believe that it is pos- 
sible that theie was inoie severe muscular weakness than could be 
detected by the usual methods of examination, or that in some manner 
the accommodation of the heart was so deianged that the high diastolic 
blood-piessuie of 115 mm Hg had a marked influence on the length of 
the presphygmic period (Tracing 11) This idea suggests that the method 
that we have used may give valuable information about the real power of 
the heart, but of couise much more extensive work must be done before 
any conclusions on this point can be diaivn Case 4, which gave the 
longest period in tbe senes, showed signs of poor compensation and tire 
ciiculatory apparatus was perhaps in a worse condition than that of anj 
of the othei cases, as judged from clinical findings (Tracing 12) 

The presphygmic period was studied in one case which showed a con- 
dition of the cii dilation which may be termed neurotic instabilitj’’, Ho 10 
The term is applied to that class of cases which show signs of vasomotor 
instabilitj’^, usually a lapid heart, but leadily changing in rate, and show- 
ing no apparent arrhythmia, the condition of the circulation so fre- 
quently seen in highly neurotic individuals The heart is often over- 
acting, but may bo free from organic disease In this case the average 
length of the period in vaiious curves varied from 0 064 to 0 082 second 
Six sets of curves were made at intervals thiough a period of two weeks, 
and all the tiaeings veie especially scrutinized foi defects The pie- 
sphjgmic time did not vary fiom beat to beat of the heart, but was so 
constant on each occasion that all the measurements from one tracing 
could be averaged, although those from all the sets of tracings could not 



1 "- ruLS'/>/f](nfi<; rnmoj} or tnl in: \ jit 

The \mhv-vMv ^nlJe(^ hoHoon 72 jind 100 ])ei iniiiiiie, and iheie Mas a 
lendcrun foi (ho shni(oi jnc^^pluginic tin\o« to occiii -with (he Ja'^fei pulse- 
lalo- blit (hjc u-lation m,i<; not constant I’lie lieart ga\c no signs oi 
oiganio (li«=oaso and although it Mas ONcracting. the oithodiagiain slioaed 
(hat it ua^. not enlai<rcd At tune*' tlio pie^plngmic tune fell beloir the 
kmei iioinial Innit foi mIikU fact wo lia\o no explanation The laua- 
tion^ in the lontrili^- of the iiic=^phxginic peiiod in this cn«e of a Inghh 
nomotic indniduid woic oeitainh ical and not associated with anv 
doteftahio ((thiiKnl onoi ('riaiing^ 1 and 115) I’lie pos=il)ihtj suggests 
d-olf that like tho loadih \ai\inir piil^c-fieqiienci the changing pi e- 
'^plnginic ponod w.i*' a nianifo'-tation ol the non one mstabilit}' oi excita- 
hditi of t he ciinilaton appaiatiie 

The f hnniios m tho pi("-p]nginic penod (hat oocmictl in ceitain forms 
ol caidiac aiilixthmia \U'i(> \oi\ ‘•Inking-, and in the ^anie patient the 



'Jiacmg 12 — Siio\Mng long V^ C tinu* coiiiponsntion bad (Case d) 


pi Gsph) grille time max lie more than tlnec times as long xvitli one systole 
as with anoihei This xaimtion has been pointed out by Ilochliaus, wdiose 
tables =liow in a lathei indefinite wa} tliat the length of the peiiod ^eem^ 
to depend on the length of tho picceding diastole Lewis has lecently 
mentioned the fact that the piesplijgniic peiiod maj be lengthened a ter 
a shoit diastole in an e\tias>stolc, and he points out an eiioi into w iici 
Mackenzie seems to have fallen by ovei looking ihis fact in measuimg e 
A-C time in the venous pulse in cases of aiiliythmia Kelibeig las 
lemarked on the piobable xaiiations in the piespb3^gmic peiio in ea 


iiihyihima . , 

We have obtained satisfactory ciiives in foui cases 
narked caidmc aril.ytto.a Nos S, IG, IT and 19 aesocated h 
narked irregularities in the piesplijgmic time n ase 
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varied in time from 0 033 to 0 088 second, altliongli in some otliei weak 
systoles, in wliicli tlie time could not be accurately measured, the pie- 
spliygmic time was about 0 140 second Tlie foim of anliytlimia was of 
tlie extrasystole type, and tins long peiiod is seen in an exti asystole where 
the heart was beating so as to give a bigeminal pulse (Tiacmg 5) The 
shoit time of 0 033 was seen in cardiogiams, which were the first of two 
contractions when tlie heart was acting bigemmally When the heart was 
acting regulaily, under which conditions five sets of tracings were made, 
the piesph}gmic time was found to be from 0 05 to 0 07 second, but was a 
constant in each of the several cuives The cause of the shoitening in 
this ease has been already discussed, when the effect of the aiteiiosclerosis 
was under consideration 
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Tiacmg 13— Sliowing one of the longer Vs-C tunes fiom case of neurotic 
instability of the heait (Case 10) Conipaie with Tiacmg 7 fiom same case 
showing one of the shortei Vs-C times 

In Case 16 the prespliygmic time vaiied from 0 032 to 0 113 second 
The patient was a woman, aged 60, with a systolic blood piessuie of 180 
ram Hg, and a diastolic piessuie of 100 The heart was enlaiged espe- 
cial!} to the light, theie was a sjstolic inuimui at the apex, fairh 
maiked aiteiioscleiosis and maiked arrh}thraia of the pulsus iiregularis 
peipetiiiis type Tiaemgs made from the 3 ugulai veins and from the 
esophagus by Di Edens gaie no evidence of auiiculai contractions 
(Tiacmg 10) 
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viU'jHpu'i (iMjo pj;:i{ioi) or tup ju'aut 

Pniicnt ir ua« a ^\onlan, apred JO, m1io?c blood piessine was S-95 and 
u-on, and ^\llo^c licart nas dl■^<lncll^ enlarged Jo hotli tlie iiglit and left 
A sj^-Johe and diasJolie )nnijmn nas lieaid at the apc\ and a diastolic 
imninni \\a‘. heaid omm the los\ej paiJ of tlie '^leimini Chnieall} she «as 
consideicd to Iia^e iniJial ‘jJeno^i*' and initial and aortic insnfficienev 
Ihcie ^^as niaiKcd aiilutliniia, and tlie jngnlni and esophageal tiacings 
indieaJed (he <^nmo t^jie of airlntlumu as the piccoding case Varia- 
tions in tile jncsplngniic tune fiom 0 092 to 01G8 second haie been 
encminteied in the «aine Jiacing (Tiacings 11 and 15) 

Patient 20 nas a man of 22 who was snflciing with acute articular 
ihenniatisin 'I'he licait wa^ distineth enlaiged, espcciall} to the left, its 
boidei being 15 <*111 fiom the inidstcinal line 2so nuninnis were pres- 
old, but a piotodia‘'lolic gallop ilnlhni was lieaid at times Blood-pies- 
snio was S-1, 05 l-Tl .lO O’lieic was nsualh picsent a niaiked arrhyth- 



'lificiiig 14 — Slio\Mng nwiked firrhjtl 

niia The anahsis of the lenons tiacings and those obtained fiom wathin 

the esophagus sbow'ed a distuibancc in conductivity which was sufficient to 

allow independent •\entiieulai sj stoics at times thus piodncwg ajrhyth- 
mia of the icntiicles ^Yhell the heait was acting iiiegulaily, the pie- 
sphygmic time laiied fiom 0 0G4 to 0 111 second One week after taking 
the cniies showing inegnlaiities. otbei ciuies weie made wdien the heait 
was quite legulai, pulse 55 pei iniimte and a piesjihygnnc peiiod of 0 OGf 
01 slightl} below" what has been eonsideicd the noimal limit was foun 
At tins tune the venous pulse was entnely noimal 

All tlie foul cases in the foiegoing gi oup piesent aiihythmia 
eutly dependent on some cause othei than the neivous contio 0 
heait A veiy sti iking fealuie of all these cases is that the ^alla ion 
the time of the presphj^gmic peiiod beai an almost constant re a ion 
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each case to the length of the preceding diastole The longer the diastole 
the shelter the presph 3 ^gmic period of the systole that immediately fol- 
loivs it That this relation is not an absolute constant seems to depend 
on the fact that it is influenced by factors other than the length of dias- 
tole But generally speaking it may be said that in cases of arrhythmia 
such as have been described the length of the presphygmic period depends 
on the amount of rest the heart has had in the preceding diastole and the 
condition in which it is when ventricular systole begins Of course, the 
end diastolic pressure is also a detei mining factor in the length of the 
prespbygmic period, and it may be lower after a long diastole than after 
a short one, and so play a role in the presph}gmic variations In Table 
4 the presphygmic time of the various systoles of Guive 32a (Tracings 
14 and 15) from Case 17 are set down according to their increasing 
length, together ivitli duration of the preceding diastole and of the dura- 
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witli -vaiying Vs-C time (Case 17) 

tion and strength of the preceding systole The strength of the preced- 
ing systole can be approximated only by the size and length of the sys- 
tolic part of the pulse curve that it produces in the carotid sphygmogram, 
a somewhat unreliable method The method of measuring the lengths of 
systoles and diastoles will be discussed later 

The relation between the lengths of diastole and of the presphygmic 
period in the foregoing table are seen in Chart 1, ivheie the length of the 
presphygmic period is used as the oidmate, and the length of diastole as 
the abscissa 

M significance of vaeiations in the presphygmic time 

It IS seen from Table 4 that the combination producing the shortest 
prespli} gniic period is a long diastole preceded b^’^ a weak S 5 'stole as in 
Wave S, Tracing 14. and that a short diastole preceded by a strong sys- 
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TABLE 4— PRESPHTGMIC TIME OP VARIOUS SYSIOLES OP CURVE 32 U 


No of 
Wave 

Piesphj gmic 
Time in Seconds 

Time of 
Pieceding 
Diastole 

Time of 
Pieceding 
Systole 

Stiength of 
Preceding Systol 

7 

0 092 

0 990 

0 368 

Weak 

10 

0 100 

0 803 

0 389 

Weak 

1 

0 100 

0 675 


Palily Strong 

8 

0 103 




2 

0 106 

0 694 

0 387 

Strong 

13 

0 106 

0 599 

0 358 

Weak 

4 

0 115 

0 385 

0 367 

Weak 

5 

0 123 

0 233 

0 305 

Weak 

6 

0 127 

0 228 

0 360 

Weak 

12 

0 135 

0 228 

0 348 

Weak 

3 

0 136 

0 339 

0 370 

Stiong 

11 

0 146 

0 252 

0 378 

Stiong 

9 

0 168 

0 220 

0 370 

Pairly Stiong 



Chait 1— Curve plotted fiom lelative lengths of diastoles and succeedin 
prespliygmie periods in Case 17 
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tole, as m Wave 9, Tracing 15, produces the longer piespliygmic tune 
That the strength of a systole plays a idle in the length of the presphyg- 
mic period of the following systole was suggested by all our tracings from 
these cases of arrhythmia Whenever it is found that a comparatively 
short diastole is followed by a systole with a relatively short presphygmic 
period, the curves from the carotid artery show that the systole previous 
produced a sphygmogram whose systolic portion was both smaller in 
amplitude and shorter in length than normally This form of sphygmo- 
gram indicates, we believe, a weak systole Let us expiess this idea some- 
what more extensively It seems that the length of the presphygmic 
period affords a measure of the force of ventricular systole Then it 
folloivs that if the length of the preceding diastole governed alone the 
force of the succeeding sy’-stole, the presphygmic periods following dias- 
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liacing 15 — Showing maiked airhythniia with vaiying piesphygmic penod 
(Case 17) , pait of same curve as liacmg 14 and showing veiy long Vs-C time 


toles of the same length would be ahvay^ equal But this is not the case, 
and the iriegularity depends apparently on the foice of the preceding 
systole For the curves indicate that, even when the diastoles are of equal 
length, the piesphygmic period of a systole that comes aftei a preceding 
wmak systole is shoitei than that of the systole that comes after a preced- 
ing strong one It appears that aftei a w'eak systole there may be two 
factors which shoiten the piesphygmic peiiod On the one hand, the heart 
IS not so fatigued as after a strong conti action, and so attains a higher 
state of efficiency duimg the same period of lest, while on the other 
hand the end of diastolic pressure may be lower after a weak contraction 
than aftei a stiong one The effect of a weak systole is brought out in 
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a CYirve from Case 17 and is shown in Diagram 2 , which has been schemat- 
ically constructed fiom the tracings from two consecutive cardiac cycles 
Here it is seen that, in spite of the fact that in Wave 7 the diastole 
IS longer than in Wave 8, the presphygmic period is also longer This 
apparent irregularity seems to depend on the difference in the force 

1 Sj stole i Diastole I P P l 

S 0 376 D 0 289 P 0 144 

Wave 7 


1 Systole I Diastole I P P 

S 0 342 D 0 252 P 0133 

Wave 8 


Diagram 2 — Constructed from two consecutive waves of Curve 32IIa (not 
shown in tiacings) Showing that length of systole also has an influence on the 
following phesphygmic period 


« t. 

Tracing 16 — Rhj thmic dissociation of As and Vs waves seen in card 

of the preceding systole, as the difference in the lengths of diastole cannot 
account for it 

These facts have a bearing on the ideas expressed by Langendorff in 
legard to the constancj’^ of heart work He says that, since the pause that 
follows an extrasi^stole is longer than it would have been without the 
exti asystole, a greater amount of energy is stored up than would have 
occurred normally The stored-up energy is entirel)'^ fieed at the next 
systole, and the amount that is, therefore, lost depends on the size of the 
preceding extrasystole and on tire length of the pause (diastole) Lan- 
gendorff says that the recording of the increase in shortenmg of the heart 
muscle (apparentl}’’ his method) is not a satisfactory means of obtaining 
sine information in regard to the •norking capacity of the heart, and so 



a G ROBINSON— G DRAPER 


199 


y 


our confirmation by anothei method of estimating the working capacity 
of the heart seems important 

The question must be considered whether changes in rate of wave 
tiansmission also take place in these cases of arrhythmia, and so make 
vaiiations in the Vg-C time gi eater than is due to the presphygmic varia- 
tions alone. That the transmission speed of the pulse-wave remains a 
constant is seen from the calculated S-E time, obtained by subtracting 
the presphygmic time from the Ys-E time, or the time of wave trans- 
mission from the semilunar valves to the radial aitery This time is 
found to be almost a constant in all curves, and the slight variations that 
are seen in it bear no i elation to the length of the presphygmic peiiod 
This may be illustrated by Table 5, in which the P P and S-E times are 
given from Curve 31 la 



liows lack of relation between Vs-C time and length of diastole in spite of arrhythmia 


TABLE 5— P P and S-R TIMES PROM CURVE 31 Ia* 


of Systole 

P P Time 

S R Time 

1 

0 070 

0 086 

2 

0113 

0 087 

3 

0 040 

0 085 

4 

0 061 

0 079 

o 

0 053 

0 086 

6 

0 051 

0 081 


* It is seen that in this senes the SR times do not vaij bejond the limit of 
technical euoi of 0 010 

It may, theiefoie, be said that all changes in the Yg-C time are due to 
laiiations in the piesphj’gmic peiiod, and are not dependent in am wav 
on changes in the speed of wave transmission 
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Some of tlie tiacmgs from these eases of aiihythmia show well- 
iiiarked caidiograms^ formed by systoles that produce no or almost no 
impression in the cuives from, the carotid and ladial arteiies Under 
snch circumstances the longest piesphygmic peiiod is found This sug- 
gested that a so-called frustrated systole may be considered the pre- 
sphygmic phase of a cardiac contraction which produces no sphygmic 
phase Under such circumstances the longest possible piesphygmic peiiod 
would be produced (See seventh cardiogram, Tracing 10 ) Hochhaus 
has discussed the subject of frustiated systoles and gives evidence to show 
that ventricular systoles do occur which fail to open the aortic valves 
He and Quincke believe that such systoles are due to muscle weakness 
and represent a qualitative change This agrees with our idea that in 
these arrhythmias the length of the piesphygmic peiiod depends on the 
relative strength oi force of the ventricle when systole begins 



liacing 17 — Venous pulse tiacin 


Changes in the piesphygmic period do not depend on arihytlimia 
alone Two cases were encounteied in which any changes in the pie- 
sphjgmic time that occuired were entiiely independent of the arrhythmia, 
1 e , bore no i elation to the length of the pieceding diastole These weie 
Cases 19 and 21 The fiist patient was a young man of 24, who was in 
the hospital for acute articular iheumatism At the time when we 
studied him he had entirely lecoveied fiom the symptoms of rheuma- 
tism His heart was slightly enlarged and acted foiciblj There was a 
systolic murmur at the apex, pulmonic and aortic aieas, and a diastolic 
murmur heard in a small area in the third left interspace at the sternal 
bordei He was considered to have mitial and aortic insufficiency, myo- 
caiditis ( ^) and showed marked aiihjdhmia at times The blood-pies- 
suie vas S-100, D-70, and the pulse vaiied from 54 to 71 per minute 
Wlien the patient was out of bed, in conversation or undei any condition 
of general excitement, the pulse was more rapid and entirely legulai 
When he was h mg quietly in bed and af tei the application of an ice-bag 
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to the precordium, the heait became slower and showed marked aiihyth- 
raia The application of the jce-bag seemed Lo be the principal factor in 
producing the arrhythmia, which appeared iisually from fifteen minutes 
to half an hour after its use was begun Most of the six sets of tracings 
made from this patient were taken iihile he showed cardiac arrhythmia 
The arrhythmia was of an especially interesting and unusual variety 
From the cardiograms, the ;)ugular pulse curves and the esophageal 
tracings, a iliythmic dissociation was seen (Tracings 16 and 17') At 
one point in the curies the As and Vs waves hold a normal relation At 
the next conti action the As and Vs waves are somewhat separated, and 
at the thud still more separated This increase of separation of the As 
and Vs waves continues for four or five beats when the As wave fails to 
be followed by a Vs wave Then the ventricle contracts through its own 
rhvthmicity, the rate of which was 34 per minute, and the regular auiicii- 




same case as above ( Case 19 ) 


lar systole occurs synchronously with it, the two practically always fall- 
ing together or the Vs following the As so closely that these waves are 
nearly always merged Slight separation was seen in the jugular tracings 
at times After the apparent^ independent contraction of the ventricle 
foi usually one, sometimes for two beats, the normal relation of As and 
Vs waves is resumed, to be followed by a series of cardiac cj’-cles similar 
to those described When the heart is beating regularly and more rap- 
idly, the venous tracings are entirely normal, there is no lengthening of 
the A-C time, and no tendencj' to dissociation is seen (Tracing 18) 

Earlier, when the patient was suffering with the articular symptoms 
of acute rheumatism, the cardiac disturbances were studied by Dr Edens 
After the administration of digitalis an arrhythmia occurred, which, 
tracings shoved, was due to complete dissociation of auiicles and ventri- 
cles This aiihythmia disappeared with ihe use of atropin, and shoved 
all the features of so-called digitalis hear t-b lock 
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At the time when we studied the case^ several weeks latei, a striking 
feature was the method of production of the airhythmia When the 
heart was acting rapidly no abnoinial alteration of the heart-beat was 
present^ a fact winch suggests that the distuibance was not a common one 
of conductivity (dromotiopic) We believe that the arrhythmia was 
more probably due to a depression of the excitability oi stimulability of 
the ventricles, a bathmotropic disturbance, although the possibility of it 
being a disturbance of conductivity cannot be excluded It seems likely 
that under the influence of quiet and of the application of ice to the pre- 
cordium the stimulahility oi Reizhaiheit became so depiessed oi the 
lesistance to stimulation, the Beizschtvelhj became so laised that the 
stimulation from the auricle was efleetive noimally in the ventricles only 
aftei the ventiicles had gone through a peiiod of abnoiinal lest This 
period of rest was obtained duiing the long ventriciilai diastoles foinied 


34-^t 



liacmg IS — Tiacing from same case (Case 19) as Tiacmgs 16 and 17 when 
heart action was regulai 


by the failure of the ventricles to respond to tlie auiicular stimulation 
Aftei this rest the ventricles lesponded normall}’^ for one oi two beats as a 
lule, but this response giadually became slowei until the auricular stimu- 
lation failed to be effectual, aud anothei peiiod of rest due to a dropped 
ventricular sjstole occurred During this prolonged rest probably the 
stimulability oi possibly the conductivity of the ventiicles was raised, 
while the pulse and the curves indicated no increased contractile force of 
the left ventricle 

We see perhaps in this case some indication why the application of 
ice to the piecoidium has a beneficial effect in certain forms of cardiac 
disturbances^ which depend on the ovei activity of certain eaidiac propei- 
ties 
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To Tetuin to the effect of the anhythmia in this case on the pre- 
sphygniic tune ^^e were snrpiised. to find.^ aftei having studied, the other 
cases of arihvtlimia, that here no relation existed between the length of 
diastole and the piesphygmie tune This lack of relation may he leadily 
seen in Table 6, where the times of diastoles are ai ranged accoiding to 
their inci easing lengths and followed by the length of the presphygmic 
time of the next svstole 

TABLE 6 — TIMES OP DIASTOLES ACCORDING TO THEIR INCREASING 



LENGTHS * 


No of W'ave 

Time of 

Diastole in. Seconds 

Time of Following 
Piesphygmie Period 

10 

0 41S 

0 094 

4 

0 421 

0 091 

9 

0 423 

0 089 

5 

0 435 

0 094 

1 

0 491 

0 098 

0 

0 513 

0 098 

8 

0 743 

0 089 

3 

0 793 

0 089 

2 

1 048 

0 088 

7 

1 275 

0 087 


* The table is mafle Iiom Tracing 34 Ic (not shonn in the illiistiations) It is seen 
that although theie aie slight vaiiations in the piesphygmie time, they bear no i elation 


to the gieat variations in the length of diastole 



LENGTH OF PRECEDING DIASTOLE IN SECONDS 

Cliait 2 — Cuive plotted fiom lelatne lengths of diastoles and succeeding pie 
sphvgmic peiiods in Case 19 

The figuies of this table have been used to construct Chait 2 in the 
same mannei as Chait 1 was constiucted, to which it foims a marked 
contiast 

Tiacings taken from this patient when the heait was acting regularly 
gate an aveiage piesphtgmic time of 0 094, second, a fact which led us to 
behete that under these circumstances the heart did not possess a normal 
amount of functional capac% In the many tracings taken in this case 
theie tins a fanly laige variation in the piespliygmic time The shoitest 
time ob=eited was 0 070 second and the longest 0 117 The average time 
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of the diflcrent cmves taken m ditfeient clays also vaiied, the shortest 
average time was 0 093 and the longest 0 106 second As no relation 
between the airhrthmia and the length of the presphygmic time can be 
established, we are nnable to explain this variation on any other ground 
than considering that it belongs in the same group as the cases showing 
neurotic instability of the circulatoiy apparatus It was obseiwed, how- 
ever, that on the day when tire heart ivas acting most iiiegulaily the aver- 
age presphygmic time as detei mined on three separate curves was longer 
than at any other time 

The second case of arrhythmia, Ho 21, which showed a practically 
constant presphygmic time, was that of a man of 23, who was very neu- 
rotic, but who, in spite of a moderate aiihythmia, showed no phy'^ical 
signs of caidiac abnoimalities The length of the diastoles railed from 
0 373 second to 0 551, while the presphygmic period remained sufficiently 
constant, so that all figures from two sets of tracings could be averaged, 
and had a duration of 0 70 second The venous pulse curve in this case 
wa'^ normal, and the case was apparently one of pure neurotic aiihythinia 

VII POSSIBLE PROGNOSTIC VALUE OF MEASUREMENT OF THE 
PRESPHYGMIC TIME 

Cases of cardiac arrhythmia may be divided therefore, into two 
groups, according to whether the piesph 3 ^gmic period vanes with the car- 
diac irregularities, or whether it does not Since the length of the pre- 
sph 3 ^gmic period seems to afford a measure of the force of ventricular 
contraction, it may be said that in the first group of cases, according to the 
variations in the piesph 3 fgniic period, the force of ventricular systole 
varies This was corroborated by the general appearance of the curves 
and the feel of the pulse In the second group of cases the force of ven- 
tricular contraction remained constant It appears that in the first group 
some accommodating power of the heart is lost vliich is present in the 
other group It is difficult to say in what this power consists but in the 
cases in which it is lost the heart muscle seems to be distinctl} more 
diseased than in the other cases The tv’^o factors governing the length of 
the presph 3 'gmic period are the speed at which the intraventricular pres- 
sure IS raised and tlie height to which this pressure must be raised in 
Older to overcome the intra-aoitic pressure at the end of diastole This 
intra-aoitic pressure cannot be measured from beat to beat It seems likely, 
bower ei, that after a longer diastole this pressure is lover than after a 
shorter Ho matter what these changes are, the hearts in the group with 
the constant period are able to contract in such a way that the left ventri- 
cle oreicomes the intia-aortic pressuie in a constant length of tune in each 



G C R0BINS027—G DRAPER 


205 


beat without being influenced by the length of the preceding diastole The 
heart contracts in such, a way that the action of the left ventricle meets 
the vital needs in a constant manner In the other group of cases this does 
not occur, and under certain conditions of improper rest the cardiac 
action is such that the left ventricle opens the aortic valves only after a 
delay or under certain conditions (frustrated systoles) fails to do so 
In the gioup of cases with the varying period the left ventricle seems to 
gathei contractile foice throughout the whole of diastole, while in the 
other group even the shortest diastoles seem of sufficient length to allow 
the ventricle to gather enough force to overcome the probably varying 
mtra-aortic pressure in a constant length of time In this group of cases, 
however, very short diastoles are not seen The difference m the two 
groups of cases seems to lie in this fact, the first group with the varying 
period gathers contractile foice throughout the whole of the diastoles, 
no matter what then length, while the second group gathers sufficient 
force during the first part of each diastole, and this store of energy is not 
added to beyond a certain point, no matter how long the diastoles con- 
tinue 

Hering has pomted out that in the heait muscle an exact balance 
between assimilation and dissimilation exists, thus preventing fatigue, 
which does not occur as long as no disturbance m either of these activities 
is present It seems likely that disturbances in these functions are pres- 
ent in those cases of arrhythmia showing variations in the length of the 
presphygmic period, while they are not present in the second group of 
cases The first group seems to depend for its peculiarities on disturb- 
ances inherent m the heart muscle itself, while the second group is more 
likely associated with disturbances in the nervous control of the heart Our 
present knowledge of the control and mechanism of the heart-beat does 
not allow a certain separation of these functions To say that arrhyth- 
mias showing variations in the length of the presphygmic period are of 
muscular origin would probably lead us into error, for Hochhaus believes 
that frustrated systoles (the systolic contractions that show the longest 
possible presphygmic time) can come through nervous disturbances alone 
Hoffman is quoted as believmg that nervous disturbances aie the most 
probable cause of frustrated systoles An arrhythmia which produces 
changes in the piesphygmie period, however, is probably a severer form 
and of worse prognostic significance than an arrhjdhmia with a constant 
presphygmic period 

The sigmficance of variations m the presphygmic period is a question 
which cannot be answered as yet with any degree of assurance It is cer- 
tain that the presphygmic time differs in different individuals and that it 
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may depart from tlie normal by bemg either shorter or longer And it is 
certain that it may vaiy in the same individual in different caidiac sys- 
toles The process of measuring it is not without diflSculties or errors, 
so that as a clinical procedure on which to base conclusions in regard to 
any particular patient it is 4 s yet, of course, of limited value The fact 
that pathological conditions may shorten as well as lengthen its time 
makes judgment as to the significance of its variations difficult Those 
changes of the circulatory apparatus, of which arteriosclerosis is a part, 
which cause shortening of the period, must be considered as tendmg to 
offset changes in the opposite direction With a better understanding of 
the r61e that various factors play in producing changes in the presphyg- 
mic time, especially those which tend to shorten the time, it may be found 
that in this procedure of measurmg the duration of the piesphygmic 
period we have a means of determining the capability of the heart regard- 
less of the lesions or functional disturbances that may be present 
Further work is required before an opinion of value can be expressed on 
this question, and to determine the prognostic significance of variations 
of the period it will be necessary to follow the progress of cases, coordi- 
nating clinical data with the changes in the presphygmic time 

As has been mentioned under the question of the effect of valvular 
disease, there seems to be a fairly definite relation between the state of 
compensation and the length of the presphygmic time That the period 
IS long in cases of broken compensation seems very probable This fact 
has led to the idea that in hearts in which compensation is broken and 
the muscle by rapid and tumultuous contractions can barely meet the vital 
need the presphygmic period should be lengthened The striking dispro- 
portion between the force exhibited over the precordium and the small 
weak pulse of such cases suggests the thought that most of the cardiac 
energy is expended in the presphygmic period In Curve S2 la (Tracing 
15), Wave 9 shows such a systole, where a forcible cardiac contraction, 
as indicated by a large cardiogram, is followed by a weak short pulse, as 
seen in the sphygmogram Here the aortic valves open at the pomt “P,” 
and it IS seen that a large part of the caidiac energy is expended in 
accomplishing this, and but little effect is produced in the artery Per- 
haps some idea of a relative sort of the presphygmic period may be 
obtained by palpating the apex-beat and an artery at the same time 

VIII mbashkement of systole and diastole 
It should be emphasized that in measurmg the lengths of systole and 
of diastole on a sphygmogram in winch the lowest point of the dicrotic 
notch of the carotid sphygmogram is used as the point where systole ends. 
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the presphjgmic penod must be added to the measuiement of s 3 ^stole and 
subtracted from the measurement of diastole to give the tine length of each 
of these phases The length of time between the foot-point of the sphygmo- 
gram and the diciotic notch onlj' represents the sphygmic iihase of ven- 
triculai systole It is not correct, as we have shown, especially in cases of 
arihythmia, to considei the eiioi due to omitting the presphj^gmic period 
fiom the length of systole a constant The measurement of the sphygmic 
peiiod has been made from the sph 3 ^gmograms in a number of cases of 
aiihythmia, and when the time of s 3 'stole is obtained by adding the pie- 
sphygmic to the sphygmic time, tlie figuies aie not only much changed, 
but also brought nearer to a constant This time, although it does not 
include the post-sph 3 ^gm]c phase of ventriculai systole, repiesents more 
neaily and with moie ceitainty the time of actual ventricular activity 
than the measurement of systole by other methods, which in the main 
depend on the cardiogram to determine the closuie of the aoitic valves 
and the end of S 3 stole The impoitanee of this correction can be seen in 
Table 7, wheie the time between the occurrence of the foot-point of the 
sphygmogiam and of the dicrotic notch aie given and the corrected time 
after the corresponding presphygmrc time is added The numbers are 
taken horn Tiacmg 10 (31 Ic) 

TABLE 7— SYSTOLIC TIME OF SPHYGMOGRAM AND CORRECTED 

SYSTOLIC TIME* 


of Wave 

Systolic Time 
of Sphygmogiam 

Tine Systolic Time 

P P Has Been Added 

1 

0 231 

0 275 

2 

0 190 

0 298 

3 

0 260 

0 309 

4 

0170 

0 269 

0 

0 290 

0 322 

G 

0 257 


7 

0 276 

0 328 

8 

0 263 

0 297 

9 

0 151 

0 253 

10 

0 250 

0 303 

11 

0 155 

0 260 

12 

0 224 

0 258 


* It is seen that while the whole length of systole may vaiy a little, its chief com- 
ponent parts, namely, the presphvgmic and sphjgmic periods, may change their relation 
to one another strikingly 

IX EFFECT OF VARLITIONS OX THE VENOUS PULSE 

The venous pulse mav be affected by variations in the length of the 
presphrgmic time In spite of the recent discussions of the formation of 
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the C wave in the venous pulse, unity of opinion on this question does not 
exist At least, in many tracings from the veins of the neck the two 
elements, the wave traveling up the vein from the ventricle, and the 
impulse derived from impact of the pulse of the carotid arterj^, ^oin to 
form the C wave in the venous tracing If theie is a delay in the arterial 
wave due to a lengthened presphygmic time, this element will in all 
probability reach the point from winch the tracing is taken later than 
does the C wave that travels upward through the vein These two ele- 
ments of wave production which usually move together will thus be 
plainly separated This point has been discussed by Hering, and we wish 
heie only to suggest that the prolonged presphygmic peiiod of weak 
(extra) svstoles may be the cause of the phenomenon of the separation 
of the so-called K and C waves, as Hering terms them, and account for 
the splitting of the C wave as observed bj Hirschf elder, Bard and others 

X POSITION ON THE CARDIOGRAM OP THE POINT IVHERE THE AORTIC 

VALVES OPEN AND CLOSE 

The position on the cardiogram of the point where the aortic valves 
open has caused much discussion, and has been intimately associated with 
the studj of the presphygmic period In discussing this question we shall 
call that point on the cardiogiams where the aoitic valves open, that is 
where the presphygmic period ends, the point 

Special impoitance was given to the question of the position of the 
point on the cardiogram by Martins, who said that the crest of the 
cardiogram that is the top of the ascending limb, represented the point 
of opening of the aortic valves He measured, therefore, the length of 
the presphygmic time by measuring the time occupied by the ascending 
limb of the cardiogram Von Ziemssen and von Maximowiteh accepted 
this idea, while Hilbert, Schmidt and others denied it Practically all 
observers who mention the position of the "P” point on the cardiogram 
believe that it is not constant Thus Einthoven and Geluk show that the 
first heart tone as leeorded over the base of the heart occurs at a point 
about one-tliird up the ascending limb of the cardiogram Diagrams of 
Luciani and of Buller (quoted by Nicolai) showing the relation between 
the intraventricular and intra-aortic pressures indicate that the former 
overcomes the latter about two-thirds of the way up the ascending limb 
The P pomt was placed by Erlanger on his cardiograms from the exposed 
heait well after the ciest of the cardiogram, near the bottom of the sharp 
first descending limb, at or near a point where a slight notch is seen 
The point of opening of the aortic valves has been determined on one 
or more tj pical cardiograms from each of our cases which are arranged in 
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Table 8 The distance of tbe point of teimination of the prespliygmic 
period from tlie foot of tbe cardiogram was calculated from the time of 
its duration, and the point P marks where the end of the period falls 

In the cardiograms there is also marked the point D The position 
of this point has been determined in the following way The distance 
between the foot-point and the deepest point of the dicrotic notch has 
been measured on the carotid sphj^gmogram of the same heart-beat that 
produced the cardiogram This distance was measured on the cardio- 
gram from the P point If, therefore, the P point represents the opening 
of the aortic -valves, that is, the beginning of the sphygmie period, the 
point D Avill represent the point where the sphygmie period ends, that is, 
the point of closure of the aortic valves, provided that that phase of the 
sphygmogram between the foot-point and the dicrotic notch represents 
the sphygmie phase of the cardiac cycle 

These methods of determining the points on the cardiogram of the 
opening and closing of the aortic valves may lack mathematical correct- 
ness, but they seem to be more nearly correct than any other methods 
applicable to man Besides the position of the P and D points. Table 8 
shows the lack of relation between the shape of the cardiogram and the 
length of the piesphygmic periods 

It is seen that the position of the P point on the cardiogram is not 
constant There is, however, a fairly definite relation between its posi- 
tion and the length of the presphygmic time This relation shows that 
the aortic valves open at points which come relatively earlier on the car- 
diogiams with shoii; presphygmic periods than they do when the presphyg- 
mic periods are long The lateness of the P point that occurs with a long 
presphygmic time is seen in Curve 33 la. Wave 9 (Tracing 15) Here it is 
well shown what a large part of the cardiogram may represent the pre- 
sphygmic period, and by observing the other cardiograms of this curve 
(Tracing 14) wdiere the period varied greatly, it will be noticed that the 
change of point of opening of the aortic valves has no effect on the shape 
of the cardiogram We cannot expect cardiograms taken through the 
normal chest wall to give any indication of the point of opening of the 
aortic valves, when in the tracings of Erlanger from the exposed heart 
the cardiogram shows but a slight indefinite notch at this point 

Although the position of the P point varies in the cardiogram with 
variations in the presphygmic period, its position in the five cases that we 
consider normal is quite constant In all of them the P point falls near 
the top or three-quarters of the way up the ascending limb of the cardio- 
gram, and this at least indicates that here is the point in a cardiogram 
from a normal individual where the aortic valves open In but two cases 
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that we have considcied abnormal, Nos 7 and 14, which lie 3 ust above 
and just below, in Table 8, the group of normal cases, do the P points 
fall in this part of the cardiogiam 

The position of the D point is seen to vary and to fall at different 
points on the final descending limb of the cardiogram This variation 
may be due to recording the end of systole by the cardiogram in an incon- 
stant manner, or it may be that the sphygmograms from which the sphyg- 
mic periods have been calculated contain errors that have not been con- 
stant We believe that not a great deal of dependence can be put in the 
last part of a eaidiogram as forming a record of the true movements of 
the heart, and that the position of the D point on the cardiogram has no 
significance Theie seems to be no indication on the cardiograms that 
we have obtained of the point at which the aortic valves close 

SI KELATION OF POEM OP CAEDIOGKAM TO LENGTH OP PRESPHTGMIC 

PERIOD 

Table 8 shows also that there is no relation between the length of the 
presphygmic period and the shape of the cardiogram, especially in regard 
to the degree of sharpness or suddenness of its ascending limb In the 
cardiograms that we have made there is no indication of the point at 
which the aortic valves open, and the form of the cardiogram affords no 
evidence as to the duration of the presphygmic period In this regard our 
work confirms the belief of those who say that nothing in regard to the 
heart’s action can be told from the cardiogram 

The relation between the so-called I wave in the cardiogram and the 
point of opening of the aortic valves has already been alluded to This 
wave was considered by Piersol, working in Wenckebach’s laboratory, as 
definitely related to and representing the ventricular presphygmic period, 
a conception in which we shared at the outset of our work The I wave 
IS well seen in some of the tracings from four of our cases In one case 
the P point IS practically synchronous with the end of the I wave, in the 
second it is 0 018 second later, and in the third it is well removed In 
the fourth case. No 8, in which maiked variations in the presphygmic 
period are seen, the I wave when present is practically constant in length, 
and although with a short period the P point is synchronous with the end 
of the I wave, with a long period this point falls high up on the ascend- 
ing limb of the eaidiogram, and is far removed from the end of the I 
wave These findings, together with the fact that the P point can fall 
much later in the cardiogram than the top of the ascending limb, make 
it evident that the I wave bears no relation to the presphygmic period 
of ventricular systole 
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XII CONCLUSIONS 

Althougli we feel that our work has many deficiencies, and must be 
completed by further investigations, certain conclusions are justified It 
IS our hope to contmue the work in order especially to ohtam more cei- 
tainty in regard to the normal duration of the presphygmic period, to 
investigate more fully those conditions that lead to a shortening of the 
presphygmic tune, to determine its prognostic value and to obtain a better 
knowledge of those factors in cardiac arrhythmia underlying the fact that 
in some cases of arrhytlimia the piesphygmic period varies while in others 
it remains constant We expect also to attempt to control the results of 
this work as far as possible by experiments on animals 

1 The normal duration of the presphygmic period of the ventricular 
s'^ stole of the heart is from 0 07 to 0 085 second 

2 This time cannot be measured with mathematical exactness, but by 
caiefully guarding against a number of technical difBculties its measure- 
ment approaches very near to such exactness 

3 Under various pathological conditions the duration of the pre- 
sphygmic period may var}’’ markedly, under some conditions being below 
and under other conditions being above the normal limits 

4 Changes in the ciiculatoiy apparatus, of wluch arteriosclerosis is a 
part, seemed to have a marked tendency to shorten the duration of the 
presphygmic period in three such cases studied 

5 It IS probable that the amount of lengthening of the presphygmic 
period beyond the normal limits is an index of diminished capability of 
the heart, whether it is caused by valvular, muscular or arterial disease 
or a combination of lesions 

6 Valvular heart disease as such, when it is uncomplicated by muscu- 
lar wealmess or some disturbance in the accommodating or compensating 
functions of the heart, does not necessarily cause prolongation of the pre- 
sph3^gmic period Mitral insuflaciency may prolong the penod, while 
aortic insufficiency may shorten it 

7. Changes in speed of pulse-wave transmission bear no apparent rela- 
tion to changes in the presphygmic time 

8 A case of neurotic instability of the circulatory apparatus without 
anhytlunia has shmvn different presphygmic times on various occasions, 
although variations in the presphygmic periods of consecutive systoles 
have not been found. It is thought that this variation represents possibly 
a manifestation of the varjung nervous excitability or mstability of the 
heart, just as the readily varjung pulse frequency seems to do Uo defi- 
nite relation beWeen pulse frequency and the duiation of the presphyg- 
mic period was discovered 
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9 In certain forms of arihythmia theie was marked iriegularity m 
the presphjgmic time of various consecutive systoles These variations 
depended largely on and hear a fairly definite relation to the duiation of 
the preceding diastole The apparent foice of the preceding systole had 
also a definite effect on the duration of the presphygmic period of the 
following systole In these cases of arrhythmia an apparently weak sys- 
tole followed by a long diastole formed the best conditions for the pro- 
duction of the shoitest possible piesphygmic period in the following sys- 
tole in each case, while a strong systole followed by a short diastole pro- 
duced the longest piesphygmic time 

10 Other cases of arrhythmia appaiently depending on nervous con- 
trol of the heart oi on a depression in stimulability of the ventricle 
(bathmotrophic disturbance) showed practically constant presphygmic 
time Where variations occurred m these cases there was no relation 
between them and the variations in the length of diastole 

11 The factors producing the differences in these two foims of 
arrhythmia are difficult to determine, but in the first group of cases the 
accommodating power of the heait seemed damaged or lost, while in the 
second group it was well pieserved 

13 A so-called frustrated systole that fails to open the aortic valves 
represents the presphygmic phase of a ventricular contraction that pro- 
duces no sphygmic phase 

13 In cases of cardiac disease, in which theie is a striking dispiopor- 
tion between the force of the heart exhibited over the precordium and the 
small weak pulse at the wrist, it is probable that a large part of the car- 
diac energy is expended in the presphygmic period 

14 The length of duration of ventricular systole can be measured by 
estimating the time between the foot-point and the diciotic notch in the 
carotid sphygmogram, and by adding to it the presphygmic time for tins 
particular systole By this method a result is obtained which probably 
represents more nearly than the results from other methods the time of 
systolic activity of the ventricles 

15 There is no indication in our cardiograms of the point at which 
the aortic valves open or close, nor do the forms of the caidiogiams 
depend in any way on the duration of the presphygmic period of the ven- 
tiieular systole 

It is with much pleasure that we express our appreciation of the 
Intel est that Professor Muller has taken in oui work, and our thanks are 
due him for being able to avail ourselves of the splendid opportunities 
that his clinic affords We wish to thank Dr Ernst Edens for much 
advice and helpful suggestions Our work was greatly aided by the use of 
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his large material, especially liis Yenous and esophageal traemgs. 
Our gratitude is also due to all the assistants of the second medical 
clinic in Munich for many courtesies and foi aid in studying the material 
in their vaiious wards 
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BLOOD-SPOTS A MEDICOLEGAL STUDY 


C J BAETLETT, MD, a>d S J GOLDBERG, MD 

NEW HAVEN, CONN 

In the medicolegal sind}^ of cases of violent death the location and 
giots appeal ance of blood-stains at times become impoitant factois 
Tlieir significance is, howevei, lefeiied to but ^el 3 ^ biiefly in Morks on 
medical ^niispindence, and the pait mIiicIi blood-diops falling veiticall} 
ma^ plai^ in solving the iiddles iibich these cases piesent has been haidl} 
noticed A seaich thiough the available English, Geiman and Eiench 
voiks on the subject shows piactically nothing legaiding these lattei 
blood-spots 

Witthaus and Beckei’s last edition^ sajs ‘'^Blood dropped perpen- 
diciilaily on a haid smooth siiiface begins to spatter when the height 
leaches 3 oi 4 inches, but nia^ not spattei fioiii a height of 3 oi 3 feet 
Dropped fiom a feu inches on glass, the chop is compact with smooth 
edge, fiom a few feet, the drop is flattei, the edges may be moderate]} 
indented, and minute outlying chops may be piesent” 

Babcock^ sa}s “Diops of blood from a height of 1 oi 2 feet are 
laigei than those falling only a few inches In the first case the circum- 
ferences of the spots are deeply indented, but in the second the} show 
a peifccth legulai outime” He gives tuo iliustiations of such drops 
one shous them almost perfectly lound and smooth, the other has short 
«picules aiianged neaih as legulaily as the spokes to a wheel 

The statements made by other authors are no moie complete than 
tho^^e quoted The failure to discuss these spots more fully is doubtless 
due to the infiequcnci vitli vhicli the} become of importance Tliat 
Ihei mu';] occasionalh be studied vith lefeience to the height from which 
tlici fall i\as evident in a ca=e investigated hi one of us m which the ques- 
iion came up vhethei ceilain blood-spots found on stairs might have been 

'' I'lom the Pathological Labor iton of the Yale ^Medical School 

"}} e aie indebted to Dr IT S Arnold instrnctoi m pathology’ in the Yale Med 
icil School for the munerouc photographs which he has taken of our specimens 

1 Witthni- and Beckei Vlcdical Ji.rispi ndence and Tovicologv, Xew Yoik 
moa in Sn }} illi im Wood A Co 

2 Bibcock In Ilaniilton s c^teni of Legal Vledicine New Yoik, 1000 i 155 
E B Oieat A Co 
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made by blood dioppmg fiom the height of the ear of a man of medium 
statnie when standing, oi whethei their size and shape weie inconsistent 
with the blood having fallen from so great a height The study of these 
spot'? nas one of the factors in leaching a decision between iniiidei and 
suicide 

These experiments were undeitaken foi the purpose of deteimmmg 
what inference can be diawn regarding the height from which blood 
dropped from the size and shape of the dried blood-spot, oi, stated in 
another waj'^, what factors, aside from the height from uliicli the blood 
fell, are of importance in determining the size and shape of the resulting 
diied blood-spot when blood drops veiticall} All of the experiments 
were made by allowing the blood to fail vertically on the suifaces tested 
Rabbit’s blood was employed thioughout The animal was first given a 
sufecient dose of chloral to put it to sleep in fifteen to thirty minutes and 
so to rendei it insensible to pain When insensible, it was suspended by 
the hind legs and blood-diops obtained by clipping oft a bit fiom the tip 
of the ear In addition, as oppoi trinity j)iesented, we have noted the 
appearance of drops of human blood which have fallen from a known 
height The fiiape of the latter agree with the results of oui experiments 
with rabbit s blood 

Different varieties of wood were used in most of xhe tests, but in addi- 
tion glass and suifaces covered with paper were emploj'^ed The kinds of 
wood were white wood, planed, white wood, planed and sandpapered, 
hard pine, planed, hard pine, planed and oiled, hard pine, rough, hard 
pine, rough and oiled, oak, planed and varnished, soft pine, planed and 
enameled, soft pine, planed Paper wall-paper, pasted on smooth board, 
wall-paper, face down, pasted on smooth board Glass clean glass, glass, 
covered with a thick layer of dust Other substances were also tested in 
other senes of experiments, but the results obtained corresponded to the 
senes here quoted In tins series all of the blood-drops were on objects 
of about the same size, 13 by 10 to 11 inches and were so photographed 
as to give the same relative size in each case 

The suifaces on which the blood drops fell evidently differed 'very 
much in smoothness Some ueie smooth and entirely non-absoibent, 
others smooth and slightly absorbent, like the white wood Some were 
rough and somevhat porous, as the hard pine in the condition in which it 
came from the saw others were made a little smoother and non-absoibent 
by oiling rough pine boards 

In the first senes here described, each mrface has eight blood-diops 
on it One of these drops fell from each of the following heights 2 
inches 6 iiiehes, 1 3 3 4 5 and 6 feet In this ivaj a drop from anj 




I'l;' 1 — (Jlcun glusi Spots made by blood chops falling veitically fiom Fig 2 — Dusty glass Spots made by blood-di ops falling veitically fiom 

tile lioiglits indicated 'I he illustiations have been unifoimly i educed in the height indicated 
si/e, 
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given height on one sniface can he coinjiaied with a chop fioin the same 
height on a cliffeient sniface Tlie appeaiance of the chops on the 
smoothei suifaces vill fiist be given, then those on loughei suifaces 

Clean glass is a good example of a smooth, non-ahsoibent sniface As 
seen m the accompanying illnstiatioii (Fig 1), the chops on clean glass 
in geneial luciease in size with the height This is not nnifoiml} so 
Foi example, the 6-ineh chop is laigei than the 1-foot or 2-foot chops 
and the diop which fell 4 feet is much laigei than am of the others An 
explanation of this amU be seen latei The smallei chops aie almost 
entiielv smooth on the edge Those falling fiom a gieatei height, 4 to 6 
feet, shoAv seveial shoit, thick spicules, the nnmLei or length of these not 
depending entiiely on the height They’^ are heie inoie maiked in the 
4-foot diop than in the otheis The smallei chops, those tiom 2 inches np 
to 2 01 3 feet foim a thickei layei of blood than those fiom a gi eater 
height and sIioav a tendency to ciack lachally and to become sepaiated 
fiom the glass and easily dislodged This is Avell shoA\n in seAeral of the 
chops in Fignie 1, Ailieie eonsideiable paits of the smallei drops have 
fallen fiom the glass It is also noticeable that the laigei chops sIioav a 
biealving np into veiy nnmeions inegnlai aieas vith minnte cmcks 
betiveen them In geneial, the gieatei the height fiom vhich the drops 
fell the thinner the layer of blood This, hoiievei, is hardly snfficient to 
differentiate between a 6-foot chop and one falling a someiAliat less dis- 
tance None of the chops on this plate shoAved marked spicules and feAv 
sliOAv spattcis If the latter occni, as they do at times on clean glass 
they appear ac small, lonncled spots at a shoit distance from the mam 
diop 

The contrast betAveen blood-chops on clean glass and those made on 
glass thickly coAered Avitli cinst is sti iking (Fig 2) Heie the drops np 
to 6 inches are still piactically^ smooth The size and thickness of the 
drops, in geneial, does not differ materially from those in Figuie 1 
Here again it is also evident that the size of the chop does not alvavs 
Aaiv as the height It is in the foiiiiation of spicules and spatters that 
the chief difference betiveen Figure 1 and Figure 2 is seen In the lattei 
they aie in (sent in the 1-foot chop, and are fully as niaiked in the 4-foot 
chop as in the 6-foot diop The spicules are, in general, lathei short 
The spatters are, liOAieAei, acia nniiieious and liaAn extended a considei- 
abie distance fiom the main chop the faithest ones being at least 6 inches 
from the nearest chop The shape of the spatters here is in contiast to 
that m Figure 1 On clean glass as on other stiictly smooth suifaces, the 
spatters, if present at all, are lonnci and situated near the main drop 
There are no iiiegulaiies to tliiOAV tlieiii in any paiticulai chieetion But 
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minute inegulaiities fmmshed by dust pai tides on glass aie sufficient to 
cause consideiable spatteiing and to tliiow a pait of the blood droplets 
with enough force to produce elongation of some of the spatteis The 
same factor has given The more marked spicule foimation as seen in Fig- 
ure 2 The tendenev for the smaller drops fco separate from the glass, and 
for the larger ones to diride into small irregular areas, is seen here as in 
Figure 1 The 1-foot drop is probably more irregular than it would have 
been if it had not fallen on the run of another drop The first 1-foot drop 
had dried and. separated from the glass, except at its outer part, and it 
was on the edge of this first drop that the second one fell 

Another glass plate, not shown in the illustrations, had dirt in small 
specks diied on it, so that it could be removed only by v ashing This 
showed a decided exaggeration of the spicules and spatters described in 
Figure 2 

Soft June, planed, covered with two coats of white enamel paint, fur- 
nished another very smooth suiface Spicule formation and spattering is 
hardly more marked than on clean glass The dried blood is more adher- 
ent than it IS on glass and no tendency to separate from the painted sur- 
face IS evident There is the same separation into small pieces with 
minuie cracks between them which was seen in the larger drops on glass 
The interesting thing about this specimen is the very small size of the 
6-foot drop, which measures 19 mm It is smallei than that from 3 feet 
(21 mm ) It is scarcely more iiregulai on the surface than the 3-foot 
drop, showing no spattering The layer of blood in the 6-foot drop is a 
little thinner than in either of the other drops 

A surface very siniilai to the last was obtained by pasting ivliite 
enameled paper, such as is used foi making sphygmogiaphic tracings, on 
a planed board The spots correspond closely with those on the white 
enamel paint as regards spatters and spicules 

The spots on a smooth, varnished oak board gave even less spicule for- 
mation and practically no spattering The slight iiiegulaiities seen at 
the peiipheii'- of the drop are bluntei than those on clean glass oi the 
other smooth surfaces mentioned 

White wood, planed and sandpapered (Fig 3), gave a veiy smooth 
suiface The contrast betiveen the drops on it and those just described is, 
however, striking This is not noticeable in the 2-ineh spot, but already 
in the 6-ineh spot we find blunt, short spicules Fiom one foot up the 
spicule formation and spattering become veij’^ noticeable The 6-foot diop 
shows these but little, if at all, more than do the 3-foot and 4:-foot drops 
The size of the drops gradually increases with the height fiom 
vhieh the blood fell, but, as in previous illustiations, this is not always 
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the ease Heie, again, the 6-loot diop is not laigci than the 3-foot diop 
and IS consideiably smallei than the 5-foot one The last shoiis a 
slightlj'- thickei layei of blood than the fust, and tlie spicules aie pei- 
haps somewhat thickei This is, howevei, not inaiked enough to ceitamlv 
diffeientiate the two The siiatteiing has extended several inches fioni the 
diops, going as fai as the edges of the board Nearl} all of the spatteis 
here have been thioivn with such foice as to make the lesulting spots 
elongated 

The boaid of white wood, planed (Fig 4), is similai to the last except 
that it IS slightl}' loughei, not baling been sandpapeied Compaiison of 
the diops shown in Figuies 3 and 4 shous at once the eftect of this slight 
longhness The size of the drops aiipioximates tliat of the last plate, but 
many of the spicules and spatteis aie longei, indicating that they weie 
till own with more force Heie, again, the gieat difficult}^ if not impossi- 
bilitjg oi telling ihe difference between the 4-foot, 5-foot and 6-foot diops 
IS appaient 

fLlie board of hard pine, planed (Fig 5), appealed to be about as 
smooth as the last one Yet a comparison of Figures 4 and 5 shous a 
great difference in the appearance of blood-diops falling from the s’lme 
height on the two surfaces As seen m Figure 5, there is but a moderate 
amouni of real spicule formation and very little spattering from any of 
the drops The blood has soaked into the wood much more than in tire 
case of the white wood, and so shows an elongation of the diops along the 
gram of the wood There is little to diffeientiate the drops between 2 
feet and 6 feet, except the size, and tins by no means increases regularly 
V ith the height 

The hard pine, planed and oiled (Fig 6), is siinilai to the last, except 
that it has been oiled The two pieces came from the same board The 
marked difference between the blood-spots on the two boaids is seen at a 
glance from the dlustiations The main part of the spot is smaller on the 
oiled board than is the corresponding diop on the one vhicli is not oiled 
But the striking difference is in the spicules, and nroie paiticulaily in the 
spatteis This is shorvii in all of the drops from 2 feet up It is most 
marked in the 4-foot and 5-foot drops Instead of extending out as mar- 
ginal spicules connected with the main drop, as seen in the drojrs on 
planed white wood (Fig 4), man}^ of the iiiegular extensions here are not 
connected vitlr the main spot at all They api''eai as marginal spatteis 
instead of spicules This ma}'^ have been caused b} the reti action of the 
mam diop before drjing because of the oiled surface on which it fell, 
thus leaMirg the spicules separated fiom the diop 




1 ,,_f itiiH' loufili .Spol-, nude bv blood diops falling vcitically lug 8— [bud pine lougli and oiled Spots made by blood diops falling 

tioin (he hoightM indicitcd ACilicall} fioin the heights indicated 







22C 


BLOOD SPOTS 


The loiigh, ha]d pine (Tig 7) is a siiiface as it came tioni the saw, 
except that it was slightly smoothed by lubbiiig one board over anotliei 
Heie, again, the appeal ance of the diops is well shown in the illnstiation 
Spatteimg and spicule foimation become evident in the 1-foot diop In 
this case it is most maiked in the 4-foot diop As was seen in the planed, 
hard pine board, the blood here ivas absoibed befoie drying, thus some- 
what inci easing the size of the spot 

In the lough, haid pine, oiled (Tig 8), again, the effect of oil on the 
siiiface IS well seen The chief differences between this board and the last 
one are the greater distinctness of the drops, due to non-absorption of the 
blood the y&ij maiked spicule formation which begins in the 6-incb 
drop and is very marked in the 5-foot drop, the amount of spattering and 
the evident force with which these spatters were thrown, as shown b} 
their elongation As in the ease of the hard pine, planed and oiled, many 
of the spicules here are not connected with the main spot, probably owing 
to the retraction of the blood-diop befoie drying The minute, white 
specks on the smaller drops, as seen in the illustration, are not due to the 
dislodgment of bits of the dried blood, but are apparently caused by the 
leffection of light due to the irregularity of the suiface 

The specimen of wall-paper (Tig 9) ivas made by pasting wall-papei 
with a fairly smooth suiface on a planed board Spicule formation is 
present in all of the drops except the 2-inch one It becomes maiked with 
tlie formation of spatters at 1 foot, and from 2 feet up to 6 feet these aie 
leiy marked It is to be noted how very much some of the drops are 
broken up This is seen particularly in the 5-foot drop, where a consid- 
erable part ot the spot is made up of irregular sjiicules and maiginal 
spatters Spatters have been thrown to a considerable distance, and with 
force as is evident from the shape 

Wall-paper, pasted face down on a planed boaid, giies a suiface 
slightly longhci than the last Spicule formation is quite marked eien in 
the 6-inch chop In general, the spicule formation is inoie maiked than 
in the last specimen and spatters have extended in nearly all directions 
fiom each diop, from the 6-inch one up to those fioin a gi eatei height 

Very little comment is necessaiy legarding the effect of the kind ol 
surface on which blood-diops fall, as demonstrated by this series A 
compaiison of the 4-foot drops, foi instance, on the diffeient surfaces as 
shown in the illustrations, makes the importance of the smoothness or 
loughness of the surface vei}* evident In fact, tins is the important 
factoi in the case of all drops falling from 1 foot to 6 feet The height 
IS a secondarj matter 
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Aitention has been called to the fact that fieqnentl} a diop falling a 
less distance has made a laigei hlood-S 2 Dot than one falling a gieatei dis- 
tance on the same sniface The obvious exjilanation foi this is that some 
diops neie laigei than otheis ivlien the} fell It vas noticeable as the 
blood diopped fiom the rabbits eai that the drops vaiied in size This 
in pait, depended on ivhetliei the eai had been so cut that the blood 
diopped fiom a \eiy acute angle oi fiom a somewhat bliintei one, also on 
the lapidity nith which the blood came fiom the eai When this ivas 
vei}^ slon, so that the blood had time to become slightl} moie viscid befoie 
falling, the diop vas natmall}^ laigei than vhen the bleeding vas moie 
lapid This diffeienee in the size of the diops is a distuibing factoi in 
attempting to deteimine the height fiom vhich the blood fell by the size 
of the blood-spot 

The neiit set of tests vas made to find hov gieat the siinilaiity is 
between diops which have fallen fiom the same height on the same kind 
of a sniface The diffeient sin faces tiied foi this neie white vood, 
planed, nliite wood, sandpapeied, soft pine, iilaned, haid pine, planed 
and oiled The height varied fiom 2 feet to 6 feet The single illustia- 
tion shown of this senes (Tig 10) gives a fan idea of the lesiilts This 
shows drops all falling fiom the height of 5 feet on to planed, white 
wood As seen in the illustration, the dificience in size is considciable, 
the spots exclusive of spicules measuring fiom 18 mm to 23 mni In 
othei tests, considerable moie variation in size was found than is evident 
heie Considerable vaiiation in the degree of spicule foimation and spat- 
tering IS also evident in the spots shown in Tiguie 10 This senes ineiely 
confirms wliat we have been led to expect fiom the fiist senes, that 
diops falling fiom a given height on the same suiface may vai} considei- 
ab]y in the appeal ance of the resulting blood-spots 

Thus fai it has been found impossible to dcteimine fioin the ajipeai- 
ance of individual diops whethei they fell 3, 4, 5 oi 6 feet The next 
attempt was to study more caiefiilly the sjiatteis^ as veil as the spicules, 
from individual spots to see if any evidence of the effect of height could be 
obtaiued in tins wa}’" Toi tins puipose a single droji of blood was allowed 
to fall on a suiface and the degiee of sjiatteiing, as well as the appeal ance 
of the spatteis, paitieularly as legaids elongation, vas noted These veie 
studied undei slight magnification, as Avell as with the unaided eye Also 
the lelatne length and thickness of the sincules iveie moie caiefiillv 
noted than heietofoie Ovei thnty piepaiations of tins kind veie made, 
the surfaces being of the same chaiactei as alieady indicated Diops of 
blood Mere alloived to rail fiom 2 feet to 6 feet Onl} a single dioji fell 
on an}' one boaid It seemed piobable that the shape of the spatteis 
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might be of some impoitance, that those fiom a 6-foot diop iiould be 
thiown with so much moie foice than those fiom a 3- oi d-foot diop that 
the foimei would become moie elongated, oi that the sjiatteis would be at 
a gieatei distance from the drop But, in fact, it was found that there 
was no legulaiit}^ m this respect As seen in Piguies 11 and 12, the few 
spatteis present in the 4-foot drop aie lathei moie elongated than in the 
6-foot diop The 5-foot drop m this series on sandpapeied white wood, 
not shown in the illustration, gave even moie spattering and elongation of 
the spatters than did eithei the 6-foot oi tlie 4-foot diop on a similai sui- 
face And the 3-foot drop showed as much spatteiing as eithei of these 
two lattei did 

We also made a caieful study of the spicules in these diops While m 
geneial these become longei the greatei the height fiom which the blood 
falls, the eiiceptions to this aie numeious As seen in the illustiations 
(Figs 11 and 12), the spicules fiom the 4-foot diop aie fully as long as 
those fiom the 6-foot diop in oui senes on planed and sandpapeied unite 
wood IsToi IS theie any dilfeience in the numbei oi thickness of tliese bj 
uliieh they aie to be cliff eientiated It appeals obvious that neither the 
degiee of spatteiing noi shape of spatteis, nor "^et the length oi shape of 
spicules, aie of gieat aid foi the 2 )uiposes foi uhich the tests weie made. 
Within ceitain limits these depend on the natuie of the suiface on which 
they fall, not on the height 

The final test was to find the gieatest distance which spatteis might 
fall fiom the mam diop These distant spatteis aie so minute that they 
can only be lecognized when falling on some white suiface We used 
laige sheets of white papei, 4 feet, 1% inches bj 6 feet, 3^^ inches The 
board on which the blood ivas to fall was placed neai the centei of a 
sheet, and a single diop of blood allowed to fall on to it The spatters on 
the papci thus not only fell lateiall} fiom the diop, but also fell to a 
slightly louei lei el, that is about 2 cm the thickness of the boaid Thiee 
suifaces weie used m this senes soft pine, jilaned, hard pine, planed, 
wall-pajier, pasted onto a smooth boaid A drop fiom foui diffeient 
heights, 3, 4, 5 and 6 feet, uas tested on each kind of a suiface, and spat- 
teis fiom a single diop obtained on each sheet The distance of the 
farthest spatteis fiom the eentei of the diop was then measiiied The 
lesults aie as follows 


Drop 

3 foot 

Soft Pine Planed 
Most Distant 
Spatter 

Cm 

37 9 

Haid Pine Planed 
Most Distant 
Spatter 

Cm 

58 8 

Wall Papei 
Most Distant 
Spatter 

Cm 

48 9 

4-foot 

7G 0 

51 0 

74 8 

5 foot 

7C 1 

58 5 

73 5 

G foot 

G3 1 

G4 0 

107 5 
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EmcIcdI]) lieighi is of some irapoitance m deteimmmg llie distance 
of the cpatteis, but e\eii hcie the lesults aic no means constant, as is 
seen b^ compaiing the G-foot diop in the fiist senes uith the 4-foot oi 
o-foot diop, also by companng the 3-foot diop in the second senes mth 
ciihci the 4-foot oi the S-foot diop Heie, again, the natuie of the siii- 
facc, lathei than the height, is the main factoi in detenninmg the foice 
inth iiliicli the spatteis aie tin own 

CONCLUSIONS 

Tlie coiicliisions nliich appeal wananted are that a blood-diop fall- 
ing only a feu inches usually makes a round spot with a smooth boidei, 
thougli eieii heie if the suiface on which it falls is lougli it may liaie an 
inogulai boidei uith spatteis, that uhen a blood-diop falls veiticallv 
uhcthei fiom a height of only 1 oi 2 feet oi as much as 6 feet, the height 
IS of onl'^ sccoudaiv impoitaiice in deteimming the size oi shape of the 
diop 01 the amount oi spatienng, that mtlim the limits ]ust mentioned 
the cliaiactei of the suiface on uhich the blood-diop tails, paiticulaily as 
to its roughness or smoothness, is the chief factoi in deteimming the 
amount of spicule foimation and the degiec of spattenng, that a blood- 
diop tailing vciticalh o oi G feet on a smooth non-absoibent suiface mai 
foim almost no spicules oi spatteis, but that iiiegulaiities of the suitace 
may rau«e maiked spicule foimation and spattenng eien when the heiglit 
lias been much less than this, that the size of the mam blood-spot made 
bv a diop falling fiom 3 to G feet depends inoie on the oiigmal size of the 
chop than on the height fiom which it fell, that the thickness of the lavei 
oi blood m diicd blood-spots, on sui faces which aic non-absoibent oi only 
'^liiihtlv ab‘5oibcnt is someuhat less the gieatei the height fiom uhich the 
blood fell, that the height fiom uhieh blood has fallen cannot be detei- 
mined bi the length of spicules, the elongation of spatteis the distance 
uhich snattoi® ha\o fallen, oi In the thickness of the laiei oi blood, 
except uithm uide limit'^, and that, in geneial, conclusions as to the 
height fiom uhich blood-diops fell based on an} oi the appeal ances of the 
clued <spot, 'should be made iei\ guaicledly 

"MeilKnl Dop.irtmonl ’l ale Uimei 



THE EFEECT OH THE KIDHEYS OF TEMPOEAEY AHBMTA, 
ALONE AND ACCOMPANIED BY PEEFUSION 


C C GUTHRIE, M D 

PITTSBURGH, PA 
IRTKODUCTION 

As set forth in a pievioiis papei/ inyestigations m tins diiection were 
suggested by the chaiactei of the results following transplantation of 
kidneys To quote ‘^Tioin the results on the kidneys, although my 
animals lived for several weeks, I came to the conclusion that permanent 
success was iiiipiobable owing to the latter factor” (i e, 111311110115 effect 
of the perfusion practiced) lire results there reported have since been 
extended and confirmed, as shown below - 

METHOD 

As previously described in the pajieis cited^> - the method consists in 
temporarily shutting off the circulation in a segment of the aorta, includ- 
ing the origin ot the renal arteries and then perfusing the kidneys by 
in3ecting the solution to be tested into this segment by means of a small 
trochar (or needle) thrust through the wall of the aorta (Pig 1 ), the 
instrument being connected by means of a rubber tube with a reservoir 
containing tbe solution 

On withdrawing the needle the punctiiie in the wall of the aoita is 
closed b} several simple stitches which penetrate all tire coats of the ves- 
sel The clamps (seriefines) are then removed from the aorta and the 
abdominal -wound closed The animal is then bandaged aud jilaced in 
the hospital 

It should be remarked that m addition to the aorta, all arteries other 
than tbe renal arising fioui the segment are clamped, as "well as all othei 
vessels that mai^ give a collateral circulation — e g, the ureters -nitli their 
surrounding tissues are compressed en masse by means of encircling 
coarse ligatures,^ -svliich are temporarily fastened b}'- means of ordinary 

* Fi om the Phj Biological Lahoratoi les of VN’asliiiigtoii and Pittsbui g Univer- 
sities 

1 Giitline, C C Some Plij Biologic Aspects of Blood-vessel Suigeiy Jour 
Am Med Assn 1908, li, 1658 

2 Guthrie, C C -\Yashington Univ Bull, 1908, -vii, 40 

3 Xniion strips of cloth aie -vei-v good for this puipose 
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lieino=:iai 1C foicep= oi (Fi" 1 ) Each ^\lth such piecautions 

woie 01 ]e«= patent aitenal connections aie maintained a^ sIioami b^ the 
fact that on uithdiauing the peifusion needle, as a lule aiteiial-hued 
lilood coon licfrinc to eccapc fiom the opening 

In come of tlie evpeiiments the adienals weie shut oH hr the anteiioi 
coiiefine and sometimes thej ueie not, so that •\\e have some data on the 



Tig 1 — Kulne\‘; and aorta of Cat 22, operated on Ma\ 23, 190S photo- 
griphcd IMaa 22, 1303 right kidnev rendered anemic and perfumed, Ji, left 
kidiu\ uieinie onh 11 ind D tcinporu\ {lamps on aorta (; chow mg metliod of 
clamping ureteral lecsdc r peifusion needle, tlirust into aorta and connected 1a 
tuhe with re=onoir liolding solution 

u‘=u]tc of peifusinrr them aFo In come case= the renal airen (or 
auoncs) to one kldnc^ vac clamped dunnjr the poifu=ion =o that ii ic 
]i '-Slide to compile on oik animal the lecult of anemia alone viih ane- 
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mia accompanied pei fusion The temperature of the pei fusion liquid 
varied in difteient cases, as noted in the table The piessuie employed 
was, for the most part, piactically constant foi the non-colloid solutions 
(plain sodium cliloiid, Rmgei’s and Locke’s solutions), but with colloid 
solutions (e g, staich) moie piessuie vas leqiiiied to foice the liquid 



Fig 2 — Practical f oi m of metabolism cage, containing two compai tments 
Eight compai tment assembled ready for animal, left dismounted as for cleaning, 
showing parts, as follows (A) hinged lid, (B) funnel shaped metal bottom, 
(C) lemovable metal scieen bottom on winch the animal lests, (D) metal guard 
which fits inside upturned flange on (B) , (E) funnel and bottle foi leceiving 
mine Fiame finished -nith waterproof paint All metal paits galvanized or 
tinned 

into the capillaiies In those cases in which the mine was collected the 
animals weie kept in metabolism cages along with contiol cats (Fig 2) 
The diet, etc vas the same in all cases 



c V oLTinni: 

i^nii'DiAiL nrsuLis 

Oh bcGfiniiing tlic poiiu’^ioii the kidncAS could, be ol)‘^G]ved thiougli 
tliGii cup'^ulo'^ to become palei, tlic dcgiee of pulenc-s being taken as an 
index of tbe degiee ol peifm^ion In addition, pnnctnic of the kidneys 
i\<is made (al-o tliiough the capsules) A\itli a icii tine needle (iSo 14 


lAniii: OF ExnnnnirMS, axfmiv and perflsiox of kidmiis 



(('ontiiiiKd 

fiom 

t ible in 

Touinal 

of 

the Amciican 

Medical 

\ssociition, I'^OS, li, 105S) 



Aoi 1 1 

Pci led 


fsolution 

Death 



Date 

Otcluded 

Pet fused 

Pci fused 

Aftci, 

Rom 11 ks 

No 

O])ei,uod 

Nhu 


Min See 

M itb 

Dats 

O ) 

M > (p. 


*1 > 

s 

20 

I ockc s 

504* 

Anemia of both kidncjs Right 









onlt pcifuscd 

2 V 

".‘25 OS 

ti 

50 

0 

0 

tl 

40’^ 

Anemia onlt of kidnej s Fs- 




eaped in Tuh in good condition 









fehowed no stmptoms of icnal 
insunicicncj 

21 

11/ 5 t)S 

. 1 

0 

0 

0 

0 

S* 

Anemia only of kidncvs Cat in 




splendid condition until Sth dat 
when abdominal wound opened 
owing to absoiption of gut 
sutuie matciial, allowing the 



















intestines to escape 

2" 

11/ 5/OS 

0 

0 

0 

0 

0 

25 

Ligated lenal tesscls peimancntly 

2(. 

11/ 5/OS 

0 

0 

0 

0 

0 

6 

D\cisod kidneys 

20 

12/1(./0S 

20 

O". 

7 

0 

0 NaCl 

S4 

Partial pcifusion onlt of both 
kidnets 

SO 

12 'K.^OS 

2S 

0 

10 

30 

staich 

1 5 

Both kidnej s pcifuscd 

51 

12/22/OS 

10 

0 

s 

0 

0 Nad 

1 51 

Left kidnet excised fcic Fig 7 

S2 

1/20/00 

2". 

0 

1". 

30 

9 XaCl 

20* 

Clot in aoila Some tempoiait 








paialvsis Chloiofoinud aftei 
lecot ei \ 


t » 

1 / 20/00 

0 

0 

4 

15 

0 NaCl 

123* 

Paitial pcifusion both kidnejs 

.t 

I 2(./09 

10 

50 

12 

30 

0 N'aCl 

105* 

Both kidnets and adrenals 

>7 

1 20/00 

1 1 

10 

10 

0 

Locke s 

7 

Bolli kidnets and one adienal pei 








fused 

5(. 

1, 27/00 

10 

0 

1 

15 

0 MCI 

122* 

Partial pcifusion both kidnets 








Still alite and in fair condition 

i7 

1, 27/00 

12 

50 

5 

0 

9 NaCl 

101 

Paitinl pcifusion both kidnejs and 





f 




snpiaieiials 

;s 

1 '27/00 

10 

50 


0 

I ocko’s 

1 22* 

Right kidnet remoted Still alhe 








in fall condition 

50 

F 27/00 

0 

0 


30 

Ringer s 

50 

Both kidnets peifiisod 

PI 

1 '27/00 

11 

50 


30 

Rlngoi s 

» > 

Both kidnet s perfused 

41 

1/27/00 

1 I 

1". 

0 

50 

1 ocko s 

*2 

Both kidnets and adicnils per 









fused 

12 

2 4 010 

IS 

0 

12 

0 

Nan 

7 

Both kidnets ind light adiciial 









pel fused 

14 

2 4 (lO 

10 

50 

12 

0 

N iCI 

14 

Both kidnets perfused Aoung cat 


* 1h(1IliU(‘ 5 tlmt llic ininnl c<.(tiio( 1 %\ns killod ot is still sine Tins is usinllj indicitod under 
niutiKs ’ Xo'. je, >! ind .’.4 uc c\c,eptIoi)s Ihc forniti is exp! lined In legend un'der I ipure 4, tlic 
I ittn wore t hlororoniiLd iftoi tlic\ bociinc too 'utik to stand 'llic amount of lifiuld perfused tailed 
fmtn ibout 10 to lO i l in f-cnenl the amount nnlnp: with the period of peifusion In no case, 
with the possible o’cieption of ( it 50 was the perfusion niadf with the pressure ovcoedin" an 
nii.iRe b’ood pussine In cits ihe solutions were brouf.ht to bodi temjierituie before bekinninir the 

Piifusions ill most lases but when the room was ten cold tlu lomperature of the solution was 

lonsldorihh lowtiid hifoie It tntcrod the blood t essois piio followlnc ternpcratuies weie lecordcd 
1 01 No >(• ll' No 51 '57° N*o dG, ,0” No 5S 3V Xo "SO 20 and No 11 12° C These 

temi)( latuiss woio t ikcn bt allowln,? the liquid to spuit through the needle on to the bulb of a 

tilt rmometer 


lanibiu wliuli was tlic si/e usuailt emploied ioi tldsintr tlic punctine in 
tlie aoiid) wbidi pel untied a minuio quantin of liquid iiom the blood 
te--t 4 s to C'Cijie ]>\ do'clt oi)=uMng tine liquid as ii < 5 piead out on the 
(MU-ulo tlic ]iu-(iKe ot u‘d blood coipu=de= could be ob=ci\ed It i= 
uoabtiiil wIuiIkm 111 lilt instant e was =ndi liquid alioirtiliei fue ol utl 
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coipnselos Oui pei fusions, tlieiefoie, were relatively and not absohiteh 
complete The same was in geneial tiue foi om anemias, though the 
amount of aiteiial blood leachiiig the kidneys was small — a meie diibble 
On leleasing the tempoiaiily occluded aiteries the kidneys lapidly 
assume an appeal ance indicative of a veiy active cii dilation The pii- 
maiy recoveiy of the animal ib uneventful One stiikiug featuie of the 
lesults, though not healing diiectly on the ma-joi piohlem may be mon- 



Iig 3 — Aoita of Cat 32, showing occlusion bv tliiomhus jUst posteiior to 
lenal aiteiies, kidnejs pei fused -uitli salt solution, Jan 26, 1909 Cat killed Feb 
15, 1909 

tioned, tiz the lesult of mjuiy to the aortic intima In tvo cases onlj 
have ve obseived occluding thiombi in the aorta, and in both these cases 
the result was due to gioss fault in technical proceduie connected with 
the pioduction of tempoiai}’^ hemostasis, b} which not onh the intima, 
but the outei walls of the aoita, iveie ciushed and otheivise maltieated 
In the first case (Cat 18 lepoitecl in a pieiious pajiei’-) the tliiombiis 
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extended foi ‘^onie distance both above Jind belov tlic oiigiii of the icnal 
aiteiics and the cat died dniing xhe iii«t da^ The second cat (No 33) 
choiied paitial paial'^sis of tlie ]iind limbs loi a few daxs but this soon 
entiic ]3 disappeared On the twentieth da} the animal was killed with 
chloiofoim as its ladne}s weie desiied foi examination Much to my 
siiipii=e on examining the aoita which is pait of the loiitine of such a 
post-inoitem, the lumen was found to be coinpletel} occluded by an old 
thiombiis, beginning 2 to 4 mm posteiioi to the oiigin of the lenal 
aiteiics and extending backward foi 11 to 14 mm (Fig 3) A few da}s 
latoi T icccned a lepiint fioin Di HaFted ‘ in which he gives the lesults 
of "ladiial occlusion of the aoita in dogs the occlusion being pi educed 
1)} means ol an aluminum band clasped aioiind the vessel by an ingenious 



] ipf ) — C it 22 Mu 23 laOS, aitenal cncul.ition to botli kidncis restiained 
foi a inimit(>> n s(cond‘; Dunng jiait of tins penod tlic iiglit kidnoi ins pei- 
fu'-ed w itli Locko s ‘■olution XIi\ 22 1900 animal photogiaplied and cliloioforiiicd 
(bee Fig 1) 

instiunioiit dcMsed In him foi the pin pose Essential]} the alioie obser- 
\alions on the cat agice with his obseiiations on dogs He has obsened 
“in a niinibei of instances about thicc months aftei the opeiation, a 
dojiosit ol extiaduial fat about the cord below the site of the aoitic band" 
(p .377) lie pioniises a full icpoit of the woik soon as well as a paper 
giMii!: the litiiatuic and linton of the subject 

1 ll.il-tul n b I’lrtiil Piogre^'iie and (.oinpleie Occlusion of the \orta 

ind Other l.irge Artcrii- in tin Dog h\ Meins of the Xlctil Band Tour IXner 
Med moo M >73 ' 
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L VTLR RESULTS ANE]\1IA ALOXE 

Beliavioi of the Animal — In the case of anemia alone of the kidiie 3 's, 
or of the kidne}® and suinaicnals togethei, no abnoiinal symiitoins neie 
observed and recoveiy was nneventful When one kidney was subjected 
to anemia alone and the othei to anemia uith pei fusion (Cat 22) the 
result was the same Anatomical] i the changes thus fai obseived have 
been less maiked than when perfusion uas piacticed 

Anatomical Changes — ^In the case of Cat 22, in which one kidney was 
lendeied anemic, while the othei uas in addition peifused ivith Locke’s 
solution, a maiked inciease in size of the foimei (compensatoiy hypei- 
trophy?) with piactically complete disappeai ance of the lattei (perfused) 
kidney vas obseived 155 days after the opeiation Twelve months latei 
the animal uas photogiaphed (Fig d) and then killed uith chloioCoiin 
and the kidneis photogiaphed (Fig 1) 

Histological Changes — ISTo marked alteiations have been obseived, but 
the data on this point aie as i^et incomplete 

Chemical Changes — No studies haie been made uhen anemia alone 
has been piacticed The metabolism of such animals has suffeied no 
marked alteiation, as judged by the condition, behaiioi, etc It iiiaj be 
lemaiked that Cat 22, although having all the appeaiances of a vigoious 
male, since the opeiation seemed to have absolutely no sexual desiie, 
according to the attendant This seems latber unusual fiom oui expcii 
enee with cats 


LATER RESULTS ANEMIA 'WITH PLREUSION 

Behavioi of the Animals — Aftei anemia ivith peitusion of the kid- 
neys, cats as a lule show no unusual sjmptoins foi twentj'^-foui houis oi 
more Duiing this time they appeal the same as any cat on uhich a 
majoi surgical operation has been peifoimed In the acutei types of 
cases the usual symptoms of lenal insufficiencj lapidly develop, teiini- 
natmg in the death of the animal within a week oi ten days, while in the 
slovei tvpes such pronounced sjmptoms do not appeal foi iveeks oi 
months In all cases wheie such sjinptoms have been pionounced, death 
has invaiiabh oeciiiiod within a few dajs As a lule death follows the 
appeal ance of such sjmptoms moie quicklj'’ in the acute than in the slow 
tjpes of cases In the latter especiallj, the animals iisuall'y showed gicat 
emaciation befoie death (Fig 5) oi even bctoie the onset of convulsive 
simptoms With the onset of convulsions, in all cases death occnned 
within a few da 3 s Paiticularlj' in the acutei eases the chaiactei and 
tiain of S 3 mptoms weic indistinguishable fioiii the siniptonis followung 
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< 5 imple Lgalioii of the lenal blood-\ csccK oi double iiepbiectonn Foi a 
da^ 01 ti\o pi (coding death tlicie appealed to be a inoie oi less coiniilete 
<iiippi c'ision of uiine With the lightei coiiMihioiis and dining the onset 
of the ‘^tiongei 0110=: the pupils n=nalh ‘^hoiied niaiked constriction but 
dining the height of the stiongei coiiMilsions the pupils dilated It inaj 
be lemailcccl that ‘^iich changes in tlie pupils aie piobabli due to deficient 
lespnation, it being knoiin that paitial asplnxiation pioducc'^ a constiic- 
tion (Guthiie and Eiaii), followed b\ a dilatation iL the asplnxia be 
‘junicienlh complete ^ 

Aiiaiomical Chauqcs —As a lule when examined np to a few weeks 
aftei the opciation the gio=sci changes consist 111 what we haie tcimed a 
'snbnoimal lesilienci, 1 c the kidnexs feel nioie 01 less flabbv, 111 
appeal ance they aie pale on section the coitex is pale the medulla con- 
gested, while in Ihe bounclan rone a inaiked stupe of congestion is seen 
File tissue has moie 01 loss of the ^^cooked appeaiance that pathologists 



1 ijr "> — C .U 11 pliotcijr] iplipd Uefoie dolli show in<f (‘inuiatid wo.ilc 

111(1 sj) isiiiodic condition Note the coii^tiictcd jmpil's Lin 27 1009 icn.il and 
ndir'iiil ailoiiil ciicnlition ie=5liaincd foi It niinnUs 1 ■) <ieconds Dining pait 
of (Ills poi lod hotli jiairs of glands woio pei fused with Locke's solution Ihe 
‘ininiil Ined tliirU two dais 

ha\c assotiatec'' wiili paiencliMnatous dcgenciation (l^ig G) Ultimaielv 
the kidnei becomes haidei, and on section less meclullan congestion is 
seen fl'lie coitex is palci than nomial 

Ih'-iolofjual C]tan<j('s — Tlie most piominent leatuie in eaih examina- 
tions Is the (oimestion This is gicatest in the boundan rone and 
medulla Latei intei=tiiial liomoiiliages ociur thiouglioiit tlie entne 
oigan At tills stage iloudi swelling of tlie tubulai celh e-jiecialh is 
ohsened ’’Ibis and the sueceediini degeiieiation 1= aho \ei\ maiked in 
theioitcx Cellulai iniiliiaiion al=c) oc< uis jiaiticulaih in the boundai \ 


X Sit wart Outhne iiul I’lki* lour l^\])ir M(d 19 (Mi \iu 2S9 



240 


EFFECT OX KIDNEYS OF TEMPORARY ANEMIA 


legion The degeneiatiie piocesses nia} pioeeed until cell stiuctiiie is 
lost As a rule, '='ucli piocesses aie more maiked in certain ai6as than in 
otlieis, so that sucli aieas aie suiiounded bj tissue showing more neaili 
noiinal stiucturc Sucli degeneiation may result in the disappearance jif 
Malpighian coipiiscles as well as tubules piopei 

Chemical Changes — The obsei rations so fai have been confined to the 
mine At fiist theie seems to be a deciease in the amount of mine 
Such mine shows a high specific giavity and a high peicentage of noimal 
solids, e g, urea and chloiids In the moie protiacted cases the amount 



1' ig 6 — Kidneys of Cat 32, which wei e pei fused with salt solution J an 26, 
1909 The animal died Feb 15, 1909, twenty days aftei pei fusion 

and composition may approach the noimal for a time, but piior to death 
another change oceuis so that the specific giavity and content of noimal 
solids may sink below the noimal Neithei albumin noi sugar have been 

6 It IS interesting to note the composition of normal cat urine The daily 
aveiages foi one of oui control cats for one week was as follows Amount 91 4 
c c , Sp G 1,059, chloiids abundant, urea 17 5 per cent (by the hypobromite 
method) This hgure for urea is unquestionably too high, and I wish to call atten- 
tion to the fact that the figure given in the table accompanying the paper in the 
Journal of the American Medical Association (1908, li, 1658) should not be taken 
as indicating the actual amount of uiea present For some reason as yet unknown 
to me, the hypobiomite method has indicated fai too much urea in all cats’ mines 
to vhicli it has been applied I may say that when time peimits, we intend mak- 
ing moie thoiough analytical studies of the urines, samples of which we have caie- 
fulh preserved foi this purpose 
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obseived;, at least in significant quantities Since the inteipietation of 
such lesults IS a inattei lequiiing gieat eaie owing to the gieat complexity 
of factois, 0 g , amount and composition of the food eaten, liquids drunk, 
body weight, physiological state, etc , a moie complete discussion is with- 
held loi a latei papei The metabolism appeals to suffei gieat alteiations 
as judged not only by changes in the mine, but by the loss of appetite 
and of weight and change in geneial beliavioi 

SUMMAllY OF RESULTS 

1 Anemia alone is appaiently much less haimful than when accom- 
panied bv pel fusion of any of the commonci salt solutions 

2 The commoner salt solutions do not seem to differ gieatly in toxic- 
ity 



Fig 7 — Cat 31, of winch the kidnejs iveie perfused foi eight minutes with 0 9 
per cent sodium chloiid solution, Dec 22, 1908 Left kidney excised at end of 
operation At the time of death, 131 days latei, this animal piesented a very 
lemaikable thickening of the skin of the head, such as we have nevei observed 
before in a cat There was no indication of it at the time of the operation We do 
not necessarily conclude, howevei, that the condition was due to tempoiarj’^ anemia 
and perfusion of the kidneys oi that the condition itself was solely responsible foi 
the death of the animal 


3 Attempts thus fai to devise a non-toxic solution foi peifusmg, e g , 
salt-staich solution, have received no encouragement from the results 
-t Anemia with perfusion of the kidneys as a lule is followed by 
death of the animals within a few months — the majoiity dying in a few 
weeks 

5 The cause of the difieiences in time of death of the animals are 
unknown Individual peculiaiities may be (and piobably are) an impor- 
tant faetoi 
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6 Metabolic distmbances, seeraingl} m ibe diiection of ineieasei^ 
piotein metabolism especially, occm 

7 Decrease in iiimaiy secietion pieceding death is piobabl^ an impoi- 
tant factor to consiclei in inteipieting the final symptoms, Aihich aie 
those of iiiemic poisoning 

8 Stiiictiiial changes of a hemoiiliagic and degenoiatne chaiactei 
occui in the perfused kidneys 


DISCUS&IOK 

The lesults shoiv eonclnsii ely that lenal and adienal anemia, coupled 
AMth peifiision AA'ith all the solutions tiled, is much nioie hainiful than 
anemia alone Anemia alone is eeitainl} not to be looked on a« being 
Avitliout effect, but it seems that foi eats, undci the conditions of these 
expel iments, shoit peiiods of occlusion aie not incompatible AAith peima- 
nent lecoA^eiy of the animal The obseiAatioiis haie not yet been earned 
sufficiently lai to enable us to conclude that the life of the animal is not 
shortened by the anemia hTeithei may aa’^c conclude that anemia Aiith 
pel fusion as peifoinied inAmiably shoitens the peiiod of life lemaining 
to the animal, for in a fcAA eases, A\hen death did not occui loi some 
months, aac cannot be absolutely ccitain — though the eAudence, on the 
AAdiole, IS strongly in this diiection — that death aaos due to the opeiation 
Caiiel, in icpeatmg Chine and Mayei’s AA^oik' on the effect of temporarA 
occlusion of the lenal A^eins on dogs, obsen^cd death in one ease in a feu' 
months after the operation, the peiiod of occlusion being tAiMi'e minutes 
He attributed death to osteo-peuostvte of the atlas® But it seems sim- 
pler to assume that the opeiation had a shaie in the causation of death, 
since Chine and Mayei obseived epileptifonn manifestations and lapicl 
death of dogs in Avlncli the lenal A'eins had been occluded for ten minutes 
As befoie indicated, the completeness of the anemia dtiiing the penod of 
occlusion IS no doubt an important factoi, and bettei contiol of this may 
tend to render the results of different lUA^estigatois moie unifoim In 
addition to this, hoAA^ever, diffeiences in lesistance to anemia as aa'cII as to 
anemia AAuth perfusion Anil probably^ be demonstrated not only in animals 
of different species, but in individuals of the same species 

For the piesent, therefore, it aa'OuM be unpiofitable to discuss the 
apnaient small difleiences in the toxicity of the solutions used on the 
cats Since all solutions seemed to liaie a toxic action, AA-^e may" see if a 
plausible explanation of this action can, AA'ith oui present knoAA ledge, be 

7 Cluiie and iH'sei Compt lend lielid d seances Soe de biol , 1907, Ku, 
598 

S Can el Comp lend liebd Soc de biol , 1909, Kai, 527 



G C GUTEIilE 


243 


given '^mce it is b^ sncli tlieoietical considei atious that at least the piac- 
tical aspects oi an evpei mental investigation aie ad\anced and a concep- 
tion of the piocesses at least paitialh outlined 

Let us con=idei 'Simple anemia first In thi= case not only do the 
blood -1 e'jsels contain a fluid having noimal phisical piopeities foi the 
cells of the kidnei but it also holds a ceitain amount of the pabulum foi 
the kidnei including oxigen m an available form Also it is suited to 
leceive a certain amount of the metabolites thrown out hi the kidney cells 
into the blood e g^ caibon dioxid letention of uhicli in the oigan is 
detrimental ALo as befoie stated absolute hemo^-tasis is difficult to 
accomplish undei the condition of the expeiinient, so that lenal product^ 
in the natuie of “Iiormones" ma\ still leach the geneial cii dilation, 
though of couise in deci eased amounts IIo'«e\ei this ma} be. ue must 
conclude that tlie factoi uas in favor both of the simple anemias and ot 
the anemias accompanied b} pei fusion foi it is i\ell knoMTi that (1) a 
tissue leceivmg a subminimal amount of blood° is easiei to lesu^citate 
than if the circulation be entirely stopped oi if the perfusion be earned 
out uith a blood-fiee liciuid, and (2) that aftei resuscitation the noi- 
mality ot its subsequent activities uill lai} diiecth with the degiee and 
peiiod of anemia ^ 

Indeed it is well Icnoun that in simple transplantations of tissue^ 
(i e Without anastomosis of the blood-vessels) results are less perfect 
when the tissues aie tieated with salt solution than when sub-jected to 
anemia alone f Christiani) 

It IS inteiestmg at this point to note the iiork of Policaid i\ho 
recentl} has leported in detail the lesults of an ini estigation undertaRen 
with the view of determining what structural changes occur outside the 
bodi in the epithelial cells of uiinar} tubules under the influence of 
sodium chloiid solutions of difl^eient concentiatiors He decapitated 
white lats quicklv lenlo^ed the kidneis and cut them in ven small bits 
the laigCbt being under 1 mm in thiclcness Such fragments ueie then 
immeised toi fifteen minutes in a salt solution of known strength at a 
tempeiature of 1 1 degiees C The tissues were then fixed in foimaldelnd 
solution, aftei uliicli the} ueie piepaied foi micioseopical examination 
He concludes that solutions of sodium chloiid of all stiengths (hipo- 
tonic isotonic and Inpertonic) change iiioie oi less the cells of the con- 
loluted tubules 


9 Subminimal being used as indicating in the first instance an amount of 
blood too ';mall to preserie the ordinary manifestations of actnitT eg in ceiebral 
anemia etc and in the second instance that the blood is too dilute to pieseive 
such manifestations 

10 Policaid Join de plnsiol et de path gen 1908 x 2 
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ITow, if we examine the salt solutions ive find that they all contain 
one 01 moie of the inoiganic salts in appioxiinately the pioportion found 
in the blood Yet they aie all smiilaily toxic The same is tiue of the 
one containing, m addition to moie abundant blood salts (viz, sodium, 
potassium and calcium), giape-sugai, which is consideied another con- 
stituent of noinial blood ^In ceitain ph 3 '’sical characters these solutions 
dilfei greatly from blood, oi even seium, e g , they aie non-colloidal 
Such being the case, we might attiibute at least a pait of then hai infill 
infill ence to this factoi To test this point a colloidal solution was pie- 
paied hi adding boiled staich to a salt solution in such pioportion that 
the fieezing point, electrical conductivity and viscosity weie nearly iden- 
tical with noimal cat’s blood (defibi mated) Yet it was no inipioiement 
over the plain salt solution, as 3 udged by the lesiilt (Cat 30) But it 
would be a mistake to diaw conclusions fiom this expeiinient, as starch is 
an abnoimal colloid foi blood Besides, owing to the cooling of the lad- 
neis duiing then exposuie made foi observing the couise of the infection 
(room temperatuie was 15° C ), it is not impiobable that the tempeia- 
tuie of the solution was loweied to such an extent that its viscosity 
was inei eased A considerably highei injection jnessure was requiied 
than loi the othei solutions, so this, too, must be taken into account 
Also, I legiet to sai^, no contiol expeiinient was peifoinied to deter- 
mine the effect of merely intioducmg it into a cat’s circulation Such 
expeiinients are outlined foi latei peifoimance, as ivell as the employ- 
ment of othei colloidal solutions, e g, gum aiabic, etc, as veil as 
colloids of animal oiigin, e g, seiuni and milk pioducts I may add 
that a salt-starch solution piepaied as above, in compaiison with plain 
sodium chlorid solution, Rmgei’s solution and Locke’s solution and tur- 
tle’s blood on stiips of turtle’s heart, gave lesults most neailj like the 
blood itself^ VIZ, on the ventricle it had slight oi no stimulating action 
and the stiip retained its mitability ivell, while on the auiiele it sustained 
the conti actions foi a longer time than the othei salt solutions, and 
there v as also less evidence of stimulation 

A moie complete account of the solution will be reseived foi futiiie 
publication, as it is hoped that lesults with other similai solutions may 
be obtained and incoi pointed 

Unlike blood, such solutions lack not only normal plij’^sical piopeities, 
but tliei cannot be consideied to contain an adequate pabulum ^tlieie 
being no evidence that grape-sugai, which is a constituent of Lockes 
solution, IS adequate in this direction, although it is destioyed bj'^ active 
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tissue? Still Since the peiiod of anemia is relatively short, and since 
organs oi even cells, like animals, undoabtedly contain a ceitain amount 
of niateiial that can take the place of that supplied by the blood for a 
time, too much stress should not be laid on this point Even a certain 
store of ox5^gen is laid up in the tissues themselves that can be diawn on 
in such emergency conditions, but theie is no evidence that the kidnev 
has a sufficient stoie to last any gieat length of time, as is the case m 
muscle 

Although the solutions employed ueie well aeiated, they contained but 
a fraction of the amount of oxj^gen found in aiteiial blood — indeed^ the 
amount even undei puie oxi^gen is insignificant conipaied with oidinaiy 
venous blood So ue nia} conclude that the tissues leceived too little 
0x5 gen Again, the cai lying capacity foi carbon dioxid of the solutions is 
fai less than that of blood Also, the total amount of solution injected 
into kidneys, compaied to the amount of olood passing thioiigh them 
noimally m the same length of time, is insignificant We may conclude, 
therefore that in anemia with pei fusion, as well as in anemia alone, 
there was a profound deciease in renal lespiration, and that this was 
probably gi eater in the foiiner than in the lattei case Although some 
blood piobably enteied the lenal vessels and became mixed with the 
pel fusion solution, the total amount thus enteimg, consideimg all othei 
factois as being the same, would be less duiing pei fusion oiving to the 
pressuie of the perfusion liquid Also, such as entered the vessels and 
became mixed with the solutions piobabl} had a less metabolic value per 
unit, owang to the dilution hTumeioiis othei possibilities might be 
biouglit forw^ard, but what is iviitlen above is sufficient to Dnchcate the 
state and coniplexitv of the pioblem 

Thirtieth Stieet and Bieieton Avenue 

11 Locke and Rosenheim (Joui Physiol, 1907, v\xvi, 205), using suiviving 
lieaits, ohseived a moie lapid disappearance of devtiose fioni the pei fusion fluid 
duiing actiMty McGuigan (Am Jour Physiol, 1908, \xi, 334), ivoikmg in my 
lahoiatoiy, obtained the same result foi skeletal muscle pi 101 to the appearance of 
Locke and Rosenheim’s announcement So long as the isolated skeletal muscles 
survive (as indicated hy response to electiical stimulation) the sugar disappears 
Latei, the pei fusion fluid filters through the walls of the blood-vessels into the 
tissues but the sugai contained theiein does not appeal to be destioyed 

12 Guthiie and Pike Am Joui Phjsiol, 1907, win 14 

13 It IS well known from studies on isolated tissues (Cf Guthrie and Pike 
Loc cit ) that beyond a certain dilution the addition of blood to an 01 dinar y per 
fusion liquid is of small value 



A STUDY OF PNEUMOPERITOUBUM 


WITH A ML lies I'Oll ITS DIAGNOSIS 
WILLIAjM WORTHING'! ON HERRICK, jM D 

KLW -iORK 

PneiTmoperitoneiim cannot be diagnosticated fioin its physical signs, 
since any one oi these may be jncsent in t 3 'nipan]tes These s'gns, appai- 
ently fiist lecognized by Barth and Eogei, aie 

1 A high-pitcbed, tympanitic, often metallic, peicussion note, iini- 
toini in quality ovei the entiie abdomen 

2 A diminished or absent aiea of livei flatness 

3 A distended, tense abdominal wall 

4 Embariassment of the respiiatoiy movements and the lieait action 

In clinical woik the only sign much icgaided is the obliteration of 

livei flatness, and against its leliability theie is an incieasing ana} of 
evidence Oslei^ has spoken of the piobabilit} of its oeeuiience in tym- 
panites, T C Janeway" of the pi oof of this at opeiation SpiengeP 
consideis it a sign of early spreading peritonitis McCiae'^ says that if 
there is an} degree of distention no dependence should be placed on it in 
the diagnosis of perforation of the intestine in typhoid Cabot® believes 
that distended colon, by rotating the livei upward so that only the thin 
anterior edge is in contact with the body wall, may obliterate liier dul- 
ness Kirclieim,® in recent experimental work on cadavers, finds absence 
of liver dulness both in the relaxed paralytic condition of the diaphragm 
of the late stages of peritonitis and also in the opposite oi spastic condi- 
tion of the diaphragm, frequent in eail} spreading peritonitis In a 
further report the same writer' presents a clinical study of the changes in 
liver dulness, concluding that this may be obliterated by a combined 
meteor ism and rigidity of the abdominal muscles, and that this condition 
cannot be differentiated from pneumoperitoneum Surely here is su‘>pi- 

1 Osier Piactice of Medicine, Edition 2, p 24 

2 Personal communication 

3 Spieiigel Deutsche Chiruigie, Lieferung 46 

4 McCrae Osier’s Modern Medicine, ii, 132 

5 Cabot Physical Diagnosis, Ed 2, p 133 

6 Kiicheim Uehei das Veihalten der Leherd impfung bei ahdominalen 
Eikrankiingen, Verhandl d Kong f inneieMed, 1909, p 215 

7 Kircheini Ueher das Veihalten der Lebei d inipfung hei ahdominalen 
Erkrankungeii, Deutsch Aich f klin Med, 1909, xcvii, 594 
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Cion enongli cast on this sign to make one m ary of depending on it n hen 
faced by the seiioiis question of intestinal peifoiation ISFothing new 
seems to have been added to the facts avadable m the study of pneumo- 
peiitoneiim since 1865, nhen Baith and Eogei® fust desciibed its signs, 
and 1874:, when Giittmann'’ admitted that it could not nith ceitainty be 
clifEeientiated fioni tympanites This, added to the unsatisfactoi} natuie 
of the methods of diagnosis oE t 3 qihoid peifoiation, led to the following 
study 

Bv means of a specially cleMbcd apparatus, an in measiiied volume 
vas intiodiiced into the peiitoneal eaiities of dogs thoioiighly anes- 
thetized by morphin and ethei, and of cadaveis Ten obseivatioiis weie 
made on dogs and foui on cadaveis Pioliminaiy to each expeiiment the 
absence of gas in each peiitoneal eavit} nas demonstrated bi the special 
method to be deseiilied latei The fiist object of study vas the establish- 
ment of a lelatne quantitative valuation of the phjsical signs of pneimio- 
peiitoneuin The lesults of obseivation on the living animal veie so 
unifoim that, foi the sake of conciseness, the aieiago hguies of the ten 
expeiiments aie alone given 

The aveiage weight of the dogs was 11 kilos The fiist sign of fiec 
gas mtioduced into the peiitoneal space was the peculiai, high-pitched, 
metallic slight!} liquid guigles and bubbling sounds heard nitli the 
stethoscope and due to the lapid giavitation of an from among the intes- 
tinal coils tovaid the least dependent paits When the dog is on its back 
the ail so introduced finds its nay vei} quickly to the epigastiium and 
beneath the anterioi leaves of the diaphiagm, between this muscle and 
the Inei This movement is doubtless hastened by peiistalsis and lespna- 
tion The second sign to appear ivas a change in the peicussion note 
After 50 c c of an had iound place in the peritoneal cavity comparison 
with the pieviou^l} existing resonance showed a note highei in pitch and 
of a nioie tympanitic and very slightl} metallic quality The clinical 
lalue of the sign is only relative, and an exact impiession of the pre- 
mousB existing resonance would be eosential for correct inter pi etation 
One bundled and lorty-fiie cc neie enough to obliterate livei flatness 
The email amount of free gas necessary to bung out this sign was a 
source of surprise at first, but is leadily understood in the light of 
Weitz’^° work on the intia-abdominal pressure When the animal is in 

8 Baith and Rogei Tiaite piatique d’anscultation, Pans, Ed 8 1874 

(obsel^atlon made in 1865), p 688 

9 Gnttmann Leliibnch dei klinischen Uiiteisuchnngensmethoden, Beilin, 
1874, 355 

10 Weitz, W Uebei den inti a-abdominellen Druck bei Ascites, Deutscli 
Aicli f klin jMed , 1909, xcv, 257 
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tlie dorsal position, the viscera giavitate toward the posterior ivall and 
give use to conditions favoiable to the production of negative piessure 
in the least dependent pait of the peritoneal cavitj^ — in this instance, the 
space between the anteiior surface of the livei and the anterioi body wall 
— shown in the negative piessure deinonsti ated in the bladder when the 
human subject is in the knee-chest position Obliteration of livei flatness 
IS not sudden, hut is maiked by ceitain uell-deflned stages During the 
gradual admission of gas to the peiitoneal eavity the peieussion note ovei 
the livei becomes piogiessively higliei in pitch and moie tjunpanitic in 
quality, paiticulaily ovei the thin anteiioi edge Soon all dulness disap- 
pears ovei a limited aiea of the liver Ijing in the most siiperioi position 
This may be but a small aiea in the epigastiiuui oi about the site of the 
poital fissure With continued addition of gas this aiea enci caches moie 
and moie on that of the livei dulness Xiom left to light until the entiie 
livei legion becomes tympanitic The note is now uniform in pitch, 
quality and intensity throughout the oveiljing poition of the abdominal 
wall This resonance is liighei in pitch than that obtained over noimal 
lung, has a slightly metallic quality, and the sensation given the fingei is 
that of a peculiar elasticity 

To altei the contour of the abdomen to an extent appreciable by the 
eye 206 e c oi gas were necessaiy, the appeal ance of this sign thus tol- 
lowing very closely that of obliteiated livei dulness The amount of air 
causing embairassment of lespiiation and lieait action was 800 cc 

Obseivations on the cadavei weie less satisfactoiy The size of the 
individual, the degiee of iigoi mortis and the occasional piesence of gas 
in the peritoneal cavity as the lesult of decomposition made acciiiate 
data difiicult to obtain 

The physical signs caused by the inti eduction of gas into the peiito- 
neal space apjieaied in the same order as in the observations on dogs 
The amount of gas necessaiy to obliteiate liiei dulness varied fioin 350 
c c in a small woman, with flaccid abdominal muscles, to 1,000 c c in a 
large man with rigid musculatuie Eigoi mortis and the absence of 
peristalsis and respiratory movements piobably make these figuies higbei 
than would be the ease in the living subject 

The absence of liver flatness being ±oi clinical purposes the sole physi- 
cal evidence of free gas in the peiitoneal space, and tins being neither 
delieate noi reliable as a sign, it has seemed desirable that some more 
delicate test be devised Tlieie is no objection to intioducing a tioeai 
into the peiitoneal cavity vlien there is ascites Carrying this fuithei, 
there seems no reason wlij'^ exploiatoi} puncture should not pi ore the 
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piesence of mtiapentoneal gas To have value^ such a piocediire must 
be safe, must be readily done, and must give results that are reasonably 
uniform 

T]ie method developed is as follows 

The apparatus required consists of a needle of special construction, 
an nr diu ary laboratory wash-bottle with perforated stopper and glass 
tubing arranged in the usual way, half a yard of sound rubber tubing, 
about 0 25 meh in caliber, a rubber bulb open at either end, and a clip 
cut-off Griven the needle, the whole device may be put together in a 
moment The ordinary exploring needle is dangerous in the abdomen, 
the sharp pomt occasional!}^, though rarety, tearing the intestme It is 
also useless m determining the presence of gas, since its lumen is almost 
always plugged by tissue or exudate when passed through the body waU 
A needle which is not dangerous to pass into the peritoneal cavity, and 
one whose lumen remains patent under the conditions of its use, was 
devised This is a small cannula, the distal end consisting of an obtuse 
pyramid and having two or more lateral openings placed at unequal dis- 




Fig 1 — ^Exploi mg needle with two latei al openings 

tances from the point (Tig 1) The pomt is so blunt as to pass through 
the skm with difibculty and a small incision should be made with a scalpel 
Once through the skin the other layers of the abdominal wall are easily 
penetrated and the needle point slipped into the peritoneal space The 
needle is connected previously with the long tube of the wash-bottle two- 
thirds full of water, and the air exhausted by suction furnished by the 
rubber bulb or by the operator’s mouth (Tig 2) 

If the apparatus before use is proved to be air-tight, the presence of 
air free in the peritoneal space, even in very small quantity, is shown by 
the appearance of bubbles from the immersed glass tube A smgle bub- 
ble, or at most two, may be drawn from the apparatus itself, but more 
than this must have some other source The comparative value of this 
procedure has seemed the question of highest practical importance The 
rapid access of gas to the most superior parts of the peritoneal space and 
its uniform collection immediately beneath the body wall aid in making 
this diiect test of pneumoperitoneum very delicate With the occasional 
exception of the compaiative peicussion sign, it is, expeiimentall} , the 
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most delicate sign of pneumoperitoneum, and was obtained m tlie aveiage 
of tile observations on dogs after 75 c c of air bad been forced into tbe 
peiitonenm. and in every instance considerably before the obliteration of 
liver flatness 

The safest site for such a punctuie is the anterioi abdominal wall a 
little below the level of the umbilicus in the median line or along the 
external border of the rectus This is below the great omentum and away 
from large vessels or solid viscera It is not necessary for success that 
the tip of the needle enter a collection of gas The creation of a partial 
vacuum in the wash-bottle gives rise to an area of negative pressuie 
about the tip of the needle, towaid which point any free gas is imme- 
diately diawn As a refinement of the test a solution of lead acetate may 



Fig 2 — ^Apparatus for exploratory punctui e in pneumopei itoneum 


be used in the wash-bottle when hydiogen sulphid, if piesent, would 
precipitate the black lead sulphid and tend to confirm the intestinal oii- 
gin of tbe gas withdrawn 

I have only one clinical report to present, and that negative 

The patient, in the service of Dr T C Janeway, at St Luke’s Hospital, New 
York City, was a man of 20 years, in the third week of typhoid, showing a typical 
course, until two days before the experiment At this time there was a sharp 
abdominal pain and a fall of temperature, a little vomiting, a rise of eighteen 
beats per minute in the pulse-rate, and an increase m the severity of the general 
symptoms The pain ceased, but after two days there was uniform tympany, a 
little shifting dulness in the flanks and slight tenderness in the iliac fosste T le 
li\ei dulness vas not encioaehed on and the leucocytes were unchanged Peifora 
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tion was suspected and a small exploratory incision nndei cocain advised 
Exploratory puncture showed no free gas Incision showed no fiee gas, or fluid, 
and no perforation 

The tj^pe of case m which an exploratory puncture seems of special 
value IS that showing tympanites preceding sj^mptoms of intestinal per- 
foration 

My thanks are due Prof F C Wood for his courtesy in extending to me the 
privileges of the laboratory of clinical pathology at the College of Physicians and 
Suigeons 

131 East Sixtieth Street 



HEART-BLOCK ASSOCIATED WITH IKEECTIOHS DISEASES 


FEANCIS W PEABODY, 3*1 D 

BALTIMORE 

One lesult of the recent clinical and experimental investigations of 
ciiculatoiy distuibances and of the eleaiei leeognition of the functions of 
the heart muscle has been an analj^sis of the various forms of airhythmia 
Diagnosis, prognosis and treatment alike demand that the physician 
understand, if possible, the pathological physiology of any given instance 
of cardiac irregularity A group of cases in ivhich airhythmia is not 
infrequent, and in which the deteimination of the type of airhythmia is 
of considerable importance, is that which includes the iriegularities of 
the pulse occurring during and after infectious diseases While all tcxt- 
liooks call attention to the fact that the heart may be irregular in almost 
any of the infectious diseases, there has been little accurate woik, based 
on cardiographic methods, to show what types of iriegularity aie most 
often piesent This is doubtless due partly to the fact that, with the 
exception of arrhythmia dependent on icspiration, which may be prac- 
tically considered as being physiological, iiregulaiities of pulse usually 
occur when the patient is in too serious a condition to allow the taking of 
tracings It is also true, however, that the more grave forms of aiihyth- 
mia are not especially common complications of infectious diseases There 
IS little available evidence on the subject, but in all probability any of 
the cardiac functions may be affected by the toxins of infectious organ- 
isms One of the most interesting effects, however, is seen in the depies- 
sion of conductivity — in the production of a partial or complete heart- 
block 

In a study of the occurrence of disturbances of conductivity depending 
on infectious diseases, those cases must be omitted in which the length of 
time between the infection and the production of the cardiac lesion 
is such that an etiological relationship is improbable, and also those 
instances in which the type of arihythmia has not been deteimined accu- 
rately’' The literature contains onl}'^ a compaiatively small numbei of 
cases of heart-block arising in or following infectious diseases, in which 
the condition has been proved by giaphic records of the venous pulse 
Mackenzie’- reports a case in which he states that the tracings show a 

1 Mackenzie Brit Med Joui , 1902, ii, 1411 
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complete aiiiiculoventriciilai dissociation coming on eight weeks after an 
attack of influenza Joachim- repoits the case of a man of 34 who devel- 
oped acute endocarditis and aoitic insufficiency after a polyaiticular rheu- 
matism, and who showed a partial block for two days A second case 
was a man of 19 with acute endocarditis and aortic insufficiency in whom 
the diomotrophic disturbance continued for two weeks and was occasion- 
ally present afterward A thud case of Joachim’s® was one of acute rheu- 
matism in which a partial block was present for twelve days Jellinek and 
Cooper reported a case of acute gonorrheal sepsis m which the pulse 
became as low as 22, and in which there were intervals of forty seconds 
without a pulse-beat Autopsy showed an anemic necrosis of the mus- 
cular septum m the region of the bundle of His Gerhardt® has reported 
three cases The flist was that of a man of 25 jears with acute arthritis 
and fibrinous pericarditis The pulse was intermittent and became as 
low as 15 per minute At this time the patient had vertigo and loss of 
consciousness — typical symptoms of Adams-Stokes disease Later the 
pulse lose to 50-70, and tracings showed a partial heart-block About two 
months after the onset of the arrhythmia the patient died of typhoid 
fever, and autopsy showed a cellular mfiltration of the bundle of His, 
with a thickening of the intima of the arteries of the bundle The 
second case vas that of a man of 54, with a well-compensated mitral 
insufficiency, who had several acute exacerbations of a chronic gon- 
orrheal arthritis At one time there was evidence of complete dissocia- 
tion This was followed by partial block and recovery. The thud case 
of Geihaidt® was that of a girl with acute rheumatism, in whom every 
thud or fourth pulse-beat was dropped out, the irregularity only lasting 
one day, however James'^ has reported a case of dissociation occurring 
in a man of 65 during the course of a streptococcus septicemia At 
autopsy an ulcer was found situated on the interventricular septum, com- 
pletely destroying the auriculoventricular bundle Bramwell® described a 
man of 29 who developed a complete heart-block during his seventh 
attack of acute articular rheumatism, which was complicated by disease 
of the aortic and mitral valves The patient died, and autopsy showed 
fibrous degeneration of the bundle of His^ with a calcareous nodule press- 

2 Joachim Deutsch Arch f klin Med , 1906, Kxxviii, 574 

3 Joachim Ztschr f klin Med , 1907, Ixiv, 95 

4 Jellinek and Cooper Brit Med Jour, 1908, i, 796 

5 Gerliardt Deutsch Arch f klin Med , 1908, xciii, 485 

6 Gerliardt Arch f exper Path u Pharmakol , 1903, li 11 

7 Janies Am Jour Med Sc , 1908, cxxxvi, 469 

8 Biamivell Brit Med Joui , 1909, i, 995 
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mg on. it EihP leported the case of a man who had had a pulse-iate 
avei aging 30 ever since an attack of acute rheumatism Thirteen years 
after the attack tracmgs weie taken which showed a complete auriculo- 
ventricular dissociation There are several instances in which lesions of 
conductivity have developed late in old rheumatic hearts, but such late 
manifestations fall outside the present consideration 

REPORT OF A CASE 

The following case was studied m the medical wards of Dr W S 
Tliayei at the Johns Hopkins Hospital 

Patient — F (geneial number, 67,009, medical number, 23,625), a coloied 
boy 16 years old, entered the Johns Hoplans Hospital on Jan 23, 1909, complain- 
ing of “general soreness, weakness, and painful joints ” The case was diagnosed 
as acute rheumatic fever and mitral insufficiency Family history was good and 
patient’s past history negative except foi pneumonia at 6 years and frequent 
“sore throat” Tlie patient woiked in a “cement gang” on the sewerage system 
Four days before entrance, on going to bed, he felt a “little sore and achey all 
ovei ” The next morning his pain was worse It was quite maiked in all his 
joints and in the epigastrium No chills oi sweats The pain continued about the 
same, but had become most severe in the elbows 

Physical Examination — ^Tliis shows a well-built, apathetic boy, of good mus 
cular development The anterior pillars of the tonsils are somewhat injected, and 
the left tonsil is slightly enlarged There is moderate general glandular enlarge 
ment The lungs are negative Heait The apex impulse is felt in the fifth 
interspace 9 5 cm to the left of the mid-sternum The left border of relative 
cardiac dullness in the fifth space is 11 5 cm from tlie mid-steinum The light 
border is just outside the sternal margin On auscultation the heart’s action is 
regular A rather loud, harsh, systolic murmur is heard all over the precoidium 
and transmitted to the axilla The first sound at the apex is rather weak The 
second sound is louder, and as the patient lies in the left lateral position a third 
sound IS audible following it in early diastole On careful palpation at the apex 
there seems to be a slight second impulse in diastole, synchronous with the tluid 
sound This is more marked during full expiration The second sound in the pul- 
monic area is accentuated and louder than in the aortic area The abdomen is 
negative The patient complains of pain on manipulation of the right knee, an , 
to a lesss degree, of the left knee The left elbow is painful on motion, and the 
right elbow slightly so Both hips are painful on motion and tender to piessiiie 
There is no swelling or redness of the skin over the joints Palpation over le 
lumbar vertebrae and muscles is painful Pulse is 92, regular , red cells, 3,936, , 

white cells, 16,400, hemoglobin, 75 per cent Temperature on admission is , 
blood-pressure 90 mm Urine examination is negative 

Course of Disease — On January 26 the pulse rate was 76, and the rhythm was 
somewhat irregular , the beats coming in groups of four or five For over a 
after admission the patient had fevei, often reaching as high as 103 The wu e 
count remained elevated The pulse ranged from 70 to 90, and later ran lom 
50 to 60 per minute The type of arrhythmia noted on January 26 only peisis e 
for a few days On February 6, however, after the pulse had been very slow or 
some time, a second type of irregularity set in This consisted in a more or ess 


9 Bihl Ztschr f exper Path u Tlierap , 1906, ii, 83 
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frffjuonily reourring bigcininal iliyfliin WiUi ilio iirai beai of tlie pair, a eystolic 
iriurmur ipploccd llio first boutkI. 5'Jufi waH follovvcil by tbo normal second sound, 
but not by a third sound. Tnsfend of tin* latfcr, tlio first sound of ilic second beat 
came, and was followed, wifbout any systolic mmmur, by a second and a tlnrd 
sound The patient’s general condition improved, bis pulse became regular, and be 
was discliaiged on February 19 

ANALYajH OV OAllDIOOIlArjJIC 'J’J?AOINOS 

tiacmgs taken on January 2G (Fjgp 1 ancl show the heart to 
he conliacting at the rate of 83 per minute 'J’hei'e is a slight inegularity 
in the length of the brachial pulse-heats and a similar variation in the 
length of the auiirular intci vals — fiom 0 775 to 0 95 seconds This irreg- 
ularity undoubtedly falls into the class of '^respiratory arrhythmia.” 


a C 



b’lg 1 — I’aitial heart block ’Jlic carotid pulsation participates in the venous 
fiacing In nil figines the nppci tracing is Ihc fimcr, the second is from the 
jugulai vein, fhe fluid is fhe cardiogram, and fhe lowest is from the brachial 
arfeiy The fimei miiiKs in fenths of seconds. 

Besides this, Iheie arc occasional pulse intcivals on the hiachial tiacing 
which aic jusl about twice as long as the normal interval These long 
pauses occui affcj’ cvciy four oi five heats Compaiison with the ape\- 
ciirve shows lliat the ventiiclc did not contiact m this inteival, it is thus 
not due to an c\ti asystole On some oi the apex, tiacings, however, ihoie 
IS seen, caily in the pause, a very slight use which is found to he almost 
synclnonons wiili a well-maikcd wave on the venous curve. This lattei 
18 , by the time of ils occui rence, undoubtedly a wave of auriculai contrac- 
tion 'Phe long Intel val between ventricular heats is thus due either to 
the failiiic of ihe stimulus ip conti action to pass from the auricle to the 
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ventricle, or to the fact that the excitability of the ventricle was so much 
lowered that it was unable to respond to the stimulus Wenckebach^® has 
stated that disturbances of excitability are characterized by a normal 
couduction time Analysis of the conduction time in this case shows it to 

r 1 m /iW A ^ rr ,t) its t~D im min iJ'JU au> t; 



Fig 2 — Paitial heart block 



Fig 3 — Eegulai rhythm with prolonged conduction time Well mai ked H ii ai e 


be somewhat variable, but in general considerably prolonged While the 
normal time between the beginning of the wave of auriculai contraction 
and the beginning of the c wave of ventricular systole is usually set at 
between 0 15 and 0 20 second, the time in this case vanes fiom 0 18 to 


10 Wenckebach Aich f Anat u Physiol (Phjs abt), 190G p 297 
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0 27 second, and is in most instances 0 22 second or more It is thus evi- 
dent that the distnihance is one of conductivity, rather than of excita- 
bility 

It IS frequently characteristic of cases of partial heart-block that the 
conduction time is shortest after the dropped heart-heat — since the fibers 
have time to regain their normal power of functioning in the long inter- 
val — and that the time increases progressively with each succeeding heat 
until finally the stimulus fails to reach, the ventiicle at all, and another 
beat is dropped out This sequence of events is not found with absolute 
legularity in the present instance, but that there is in general an increase 
in the length of conduction time with successive beats is shown in the 
following table 

LENGTH OF CONDUCTION TIME OF SUCCESSIVE BEATS IN SECONDS 


0 21 

0 IS 

0 26 

0 22 

0 20 

0 26 

0 23 

0 26 

Blocked beat 

Blocked beat 

0 22 

0 20 

0 21 

Blocked beat 

0 24 

0 25 

0 22 

0 27 

0 27 

0 20 

0 22 

0 25 

0 24 

Blocked beat 

0 18 

0 24 

0 20 

0 22 




Anothei point of inteiest in this tiacing, but moie cleaily shown in 
those which weie obtained later, is the presence of a well-marked eaily 
diastolic wave on the caidiogiam This wave, as Thayei’^^ has shown, 
coiiesponds in time to the occurienee of the third heart sound, is usually 
found to be well maiked in cases in which a third sound is audible, and 
is probabh'' caused by the early flow of blood from auricle to ventricle 
The condition of partial block was a transient one On Tebruary 2 the 
lieait was regular at a rate of about 50 The conduction time was about 
0 25 second The tracings taken at this slow rate (Tig 3) show very leg- 
ulaily a well-defined wave about midway between the v wave and the 
following a w'-ave in diastole At times the anaciotic limb of this wave 
IS sharp, but at other times the rise is so gradual that the exact onset is 
difficult to determine It falls, however, from 0 28 to 0 44 second before 
the onset of the a wave, and fiom 0 24 to 0 38 second after the beginning 
of the V wave While its relations to both a and v waves are variable, 
those Avitli the a wave appear to be the more constant The cause of such 

11 Tliayei, W S Fuitlier observations on tlie Tliucl Heait Sound, The 
Akchhes Int Med , 1909, iv, 297 
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a diastolic wave lemains obscure It may iieibaps, be considered as what 
Hirschfelder’-^ has described as an li wave 

On February 3 the pulse was 48 Atropin gi 1/60 was given hypo- 
dermically The pulse-rate rose to about 70, but remained regular, show- 
ing that even at this more rapid rate the conduction fibers could respond 
to every impulse The a-c time before atropin was given was 0 20 second 
On February 6 the pulse was irregular again After deep inspiration, 
and at times without any cause, there were a series of from two to ten 
long pulse intervals In some of these a weak beat was palpable at the 
wrist Auscultation showed, however, that, contrary to the findings pre- 
viously, the ventricle was contracting in these intervals, but contracting 
prematurely The arrhythmia at this time was thus obviously extrasys- 
tolie The tracings (Fig 4) confirmed this observation On the brachial 






¥ig 4 — ^Pulsus bigeminus 


cuive there is a slight rise durmg the long inteival between the noimal 
beats The apex tracing also shows "pulsus bigemmus” In a tracing 
where the normal rhythm and the bigeminal ihythm are both present, the 
longer intervals, in which the extrasystole occuis, are 1 60 seconds long 
while the intervals between normal beats are 1 2 seconds long The long 
pauses are thus much less than double the short ones The time from 
the beginning of an extrasystole to the onset of the next normal pulse 
wave IS 1 05 seconds — ]ust shorter than the normal pulse peiiod These 
are the relations which are found in extrasystoles of auricular origin The 
a-c time of the first beat of each pair is 0 2 second, or slightly less It 
IS difficult to determine the conduction time of the extrasystole, as the a 


12 Hirschfelder Bull Johns Hopkins Hosp , Balt, 1907, "S-viii, 265 
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wave IS fused with, pieceding v wave, so that the onset of the a wave can- 
not be accniately made ont Theie is, however, appaiently no shoitening 
of the conduction time at any late — as there would be if these weie 
anricnloventncnlai exti asystoles The venons pnlse hears ont the con- 
ception that the arrhythmia is dne to anncnlar exti asystoles The same 
mid-diastolic wave that was present at the slow rate is seen in the longer 
pauses on tins tracing 

The case may he summed up as one of acute articular rheumatism 
with mitral insufficiency, during the course of which there developed a 
transient, partial heart-block, and later on an extiasystolic irregularity 

It IS interesting to note that of these 12 cases in which there has been 
proved to be a disturbance m the conduction of the impulse from the 
auricles to the ventricles, occurring in the course of, or following, an 
infectious disease, 8 belong to the group of cases which includes acute 
articular iheumatism and rheumatic endocarditis Trom so small a num- 
ber of eases it is, of course, impossible to draw conclusions as to the com- 
parative frequency of the occuirence of the lesion, but the large percent- 
age tallies well with what one might expect in a disease so commonly 
associated with cardiac mvolvement Mackenzie^® says "Slight heait- 
block is of fiequent occurrence in cases of mitral disease after rheumatic 
fevei, and even complete heart-block may occur m rheumatic heart affec- 
tion ” There is little absolute evidence as to whether heart-block is met 
after other infectious diseases, as typhoid and pneumonia Inasmuch, 
however, as it has been shown to occur after influenza, there is every rea- 
son to suppose that it may occur in them Butler^"^ reports the case of a 
man whose pulse never had risen above 42 since an attack of typhoid fever 
twenty years previously In his final illness the pulse was at times 14, 
there were pauses between beats up to 20 seconds in length, and he had 
convulsions The auricular pulsations were 80 to 130 The case was evi- 
dently one of dissociation At autopsy fatty infiltration and degeneration 
of the bundle weie found The relation of the dissociation to the typhoid 
fever is, of course, pioblematical Foley has reported a case showing the 
Adams-Stokes syndrome commg on after an attack of diphtheria, but 
unfortunately no cardiogiaphic tracings veie taken, and there is no note 
as to venous pulsation, so the evidence that a true heart-block was present 
is incomplete In a series of 946 cases of diphtheria. White and Smith^® 

13 Mackenzie Heait, 1909, i, 23 

14 Bntler Am Joui Med Sc, 1907, cvxxiii, 715 

15 Foley Boston Med and Surg Jour , 1905, cliii, 235 

lb White and Smith iled Commun Mass Med Soc 1904, \ix, 925 
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found tliiee instances m which the pulse became as slow as 30 to 20^ but 
theie is no observation which throws light on the t 3 ^pe of bradycardia 
The extieniely slow rate, however, suggests the ventriculai rhythm of a 
complete block Mackenzie^^ mentions having seen tracings of mild heart- 
block obtained from a case of “septic poisoning ^ and also from a case of 
puerperal fever He further states “In acute infections of the heart, 
wi iters usually content themselves by mentioning iiiegularity as one 
of several symptoms, but the instances cited show that if giaphic records 
weie taken, this condition may be found fairly frequent” 

An examination into the seventy and duration of the symptom in the 
cases undei consideiation is of some impoitance In the case of gonor- 
rheal sepsis theie was complete dissociation of auricles and ventricles 
based on an oiganic lesion, and the patient had frequent convulsions 
Death was very probably due to the sepsis, but the cardiac condition must 
be classed as severe Geihaidt’s case of gonoiiheal rheumatism showed no 
maiked subjective symptoms except for a sudden attack of dyspnea The 
cardiac condition, however, was at fiist one of complete dissociation, and 
latei one of partial block, the whole lasting about a month Mackenzie’s 
case of influenza showed apparently no special subjective symptoms The 
duration of the arrhydhmia is not stated According to Mackenzie, the 
condition present was one of complete dissociation, but Eihl,° in a criti- 
cism of the published tiacings, does not find enough evidence to assuie 
him that the auricles and ventricles aie contracting absolutely independ- 
ently James’ case, developing on a streptococcus septicemia, was a com- 
plete lilock, and autopsy showed an organic basis 

Turning now to the eiglit instances of block in association with the 
“iheumatic senes,” the striking thing is the mildness of the condition 
In five of the cases theie were practically no subjective symptoms, and the 
arihythmia, which consisted simply'^ in the dropping of occasional beats 
lasted onlyf from one day to about two weeks The othei cases of this 
group are of considerable importance, as they showed much more seveie 
syunptoms While no tracings were taken in Gerhardt’s case which dem- 
onstrated a complete block, the patient had the typical sy^mptoins of 
Adams-Stokes disease, and the arrhythmia lasted, with some intermission, 
foi about two months Death resulted from a hemorrhage m typhoid 
feier, and an organic lesion involving the system of conduction fibers 
vas found at autopsy In Bramwell’s case tracings showed complete 
block, and autopsy revealed an anatomical cause foi the disturbance 
Thus, while in the majoiity of cases of rheumatic endocaiditis in which 


17 ^Mackenzie Diseases of the Heait, London, 1908 
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a heart-block was found, it was tiansient and of mild grade, the condi- 
tion may he severe, and ma}’’ he dependent on an oiganic lesion 

In considermg the direct etiology of distnibances of conduction aftei 
infectious diseases, the cases fall into two groups In four instances, at 
least, there was an oiganic basis for the condition Anemic necrosis, cel- 
lulai mfiltration, ulcer and fibrous degeneration involving the bundle of 
His uere the conditions found All of these were seveie cases In the 
milder transient cases, while the condition might depend on a slight 
inflammatory reaction, it seems impiobable that there was any organic 
lesion at fault The condition is piobably functional, and the obvious 
explanation of it is that it results fiom the action of the vagus nerve 
It IS well recognized that some of the most common postfebrile circula- 
tor}^ manifestations are dependent on vagus hj^iertonieity In its more 



simple forms vagal activity' shous itself m the biadycardia of convales- 
cence, so commonly seen in l^-phoid fever, and in the so-called ‘‘infantile 
type’’ of arrh5thmia, where the pulse -rate vanes with the stage of respira- 
tion In both of these instances it is essentially the chronotropic func- 
tion of the heart — the late of stimulus formation — ^which is affected It 
has been shown howeiei, both clinically and experimentally, that stimu- 
lation of the vagus neive may act on the dromotropie function also, and 
may cause an mciease m the tune necessari’- foi the stimulus to contrac- 
tion to pass fiom auiicle to lentricle If the ‘’‘'conduction time” is suffi- 
ciently piolonged the stimulus to contraction may reach the ventricle 
during a refi actor} period so that the ventricle cannot respond and one 
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of the yentiicTilar beats is dropped out Such a partial block is thus 
meieh the next step to the pi elongation of “^conduction time” The 
pi eduction of heart-block by stimulation of the vagus is well shown 
in Figure 5 In this case the rhjthm was regular, but the conduction 
time was considerably increased, piesumably on account of some lesion 
of the conduction fibeis, and the slightest pressuie over the vagus neive 
in the neck was enough to cause tlie diopping of one oi two beats 
Tins extreme activity of the vagus is, of course, not seen in persons 
V ith noimal heart muscles, but it is fairly comparable to the conditions 
piesent in the heart during or aftei an infectious disease Accoidmg to 
ion Tabora,^® stimulation of the vagus alone will only produce a par- 
tial block, but the action of the vagus on a poisoned muscle may result in 
a complete block Thus it is easily conceivable that in a heart muscle 
under the influence of bacterial toxins, vagus stimulation might cause a 
temporary complete dissociation This was, peihaps, the condition pres- 
ent m Gerhardt’s second case, vhich resulted m recovery Analogous 
instances are the cases of Mackenzie^- in which artificial stimulation of 
the vagus by means of digitalis produced a partial block in rheumatic 
hearts It is also interesting to note in this connection another quite 
distinct form of vagus activity to which Belski^® has called attention as 
occurring during infectious diseases, and especially in acute articulai 
iheuniatism The condition described by him is a brad3’’caidia associated 
vith a change in the place of origin of the stimulus to contraction, so 
that the auricles and ventricles contract absolutely or nearly syn- 
chronously This ail lo-venti iculare Automatie he considers to be depend- 
ent on the action of the vagus neive 

In conclusion, one ma}'’ sai-^ that disturbances of the function of con- 
duction in the heart muscle are at least occasionally met with after infec- 
tious diseases They probably occur more often than is generally recog- 
nized, and are perhaps most frequently met in cases of the “rheumatic 
senes ” The disturbance ma}^ be eithei complete oi partial Complete 
block IS due in most instances to an organic lesion of the conduction 
fibers, but may, apparentlj’’, be due in part to nervous influences Partial 
block IS usually transient, and is probably due to the action of the vagus 
nerve on a poisoned mjocardium The prognosis depends ehiefl}'^ on 
vhethei the underl3ung cause is organic or functional 
Johns Hopkins Hospital 

18 lahora, von Ztschr f e\pei Path , 190G, in, 499 
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INTBODUGTION 

The bacteriological investigations of the last decade have shown that 
the Eberth-GafEky bacillus is not the only organism which causes a 
general infection with fever, roseolar eruption, enlarged spleen, diarrhea, 
tympanites and abdommal tenderness Other bacteria, namely, para- 
typhoid bacilli and general infection with the Bacillus coli communis, 
give rise to clinical manifestations difficult, if not impossible, to differ- 
entiate from true typhus abdominalis 

Paratyphoid fever has come to be important, because it has been 
found to prevail wherever typhoid fever occurs Epidemics of general 
infection by the Bacillus coli communis^ are very rare, only one has 
been recorded Paratyphoid fever is an acute infectious disease, run- 
nmg a clmical course which resembles typhoid fever in some cases, in 
others it is chiefly characterized by a diarrhea resembling cholera nostias 
The mode of the infection is the same as in typhoid fever, but food 
infection plays a more important role in paratyphoid type B than in 
typhoid fever 

Bacteriological investigations show paratyphoid bacillus to be dis- 
tinctly different from the Eberth-Gafflcy bacillus Achard and Bensaude^ 
weie the first to recognize paratyphoid fever as a diffeient disease from 
typhoid fever and to discover and describe the organism, naming it para- 
typhoid bacillus 

They reported two cases The first was that of a young woman pie- 
senting symptoms like those of mild typhoid fever , the temperature was 
only slightly elevated but lasted forty-six days During the entire 
course of the disease there was no leucocytosis, and the Widal test was 
alvays negative Prom the urine, taken under aseptic precautions a 
bacillus was isolated winch feimented grape-sugai, but did not coagu- 

1 De Haan and De Jonge Laboiatte Weldobreden Medeelingen Banana, 1902 

2 Acbard and Bensande Infections paratyphoidiques Bull et mem Soc 
nied d Hop de Pans, 1S9G, \iii, 820 
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late milk Blood-cultuies iveie always negative, the above-mentioned 
bactena conld not be isolated from the feces The patient’s serum 
agglutinated only the bacilli which were isolated from her nrine Albu- 
minniia continued long after the pus disappeared from the urine and a 
diagnosis of pyelonephritis was made 

The second case was that of a seven-year-old child, suffermg with 
bronchitis and a high fever , the bronchitis subsided early m the disease, 
but the fever continued high until the twentieth day and then fell by 
lysis 

On the thirteenth day a painful swelling developed over the light 
sternoclavicular articulation, there was a marked reddening and later 
fluctuation, the swellmg was mcised and a small amount of pus which 
probably came from the ;)Oint was evacuated Cultures from the pus 
showed micro-organisms identical with those isolated from the first case 
Agglutination tests were not made The micro-organisms isolated from 
both cases weie short bacilli with round ends, ten or twelve flagella, and 
very actively motile 

The growth on bouillon, gelatine and milk was similar to the 
Eberth-Gaffky bacillus, the growth on potato resembled Bacillus cohj 
but produced no indol, in glucose-bouillon showed gas-foimation, lac- 
tose was not fermented 

The seium of immunized animals agglutinated only this oiganism 
and had no influence on typhoid baciUi or Bacillus psiitacosis The 
organisms were not so virulent for laboratory animals as the Bacillus 
psittacosis 

Millianne® identified both cases as psittacosis infection 

The Bacillus psittacosis was isolated in 1892 by ISTocard'^ during an 
epidemic in Pans which resulted from the importation of several 
thousand parrots from South America suffeiing with the disease The 
clinical picture of ‘‘’psittacosis” is that of infectious pneumonia Widal 
and Nobecourt® in 1897 described an organism which they isolated from 
an abscess in the neighborhood of the thyroid gland, this bacillus was 
the same as psittacosis except that it was not agglutinated with psittaco- 
sis serum He named this Bacillus paiacolij Gilbert® suggested that this 

3 Milhanne Thesis, Pans, 1S97 

4 Nocaid and Leclainche Maladies microhiennes. Pans, 1903 

5 Widal and Nobeconrt Semaine med , 1897, pp 285 and 333 

6 Gilbert and Fournier Contribution a I’fitude de la psittacose Bull de 
I’Acad de mSd , Pans, Oct 20, 1896 Gilbert and Fournier Le Bacille de H 
psittacose Compt rend Soc de biol , Dec 12, 1896 Gilbert and Fournier 
Etude sur la psittacose Press M6d , Jan 16, 1897 Gilbert and Leon Con- 
tribution a I’fitude des bactCiies intestinales Compt lend Soc de bio] , ^laich 
13 1893 
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bacillus takes a place half-way between the Eberth-GafEky and the 
Bacillus coll communis The paiacolon bacillus was agglutinated by 
the patienks seium in the dilution of 1 1,000 

In 1898 Gwyn’^ reported from Osier’s clinic a case with all the clin- 
ical s5TOptoms of typhoid fever, from which he isolated a bacillus fiom 
the blood which was similar to Widal’s paracolon baciUus, glucose was 
fermented by it, but lactose was not, the growth on potato was the same 
as that of Bacillus coli The patient’s serum agglutinated this bacillus 
in a dilution of 1 200, but did not agglutinate typhoid bacilli in a dilu- 
tion of 1 5 His diagnosis was paratyphoid fever 

In 1900 Cushing® described an organism which he called bacillus 0 , 
he isolated it from an abscess that formed at the junction of a rib and 
costal cartilage The abscess developed after the patient recovered from 
an illness that probably was typhoid fever The patient’s serum 
agglutinated this ^Tacillus 0” m a dilution of 1 800, cultures of it 
showed very little difference from Gwyn’s paracolon bacillus The serum 
from Cushing’s ease did not agglutinate the Gwjm baciUus 

Sehottmueller,® in 1900, reported a case similar to Gwyn’s In 1901 
he reported five more cases, one was a case of para A infection, the 
others of para B He called the organism which he isolated paratyphoid 
bacillus His work was independent of Achard and Bensaude, of their 
investigations he had no knowledge at that time In 69 cases of fever 
accompanied by abdominal symptoms he found six to be cases of para- 
typhoid, that IS about 4. per cent All of these paratyphoid cases occurred 
sporadically and the connection between them could not be found Schott- 
mueller suspected that the germs were carried by the drinking-water 
Clinically it was impossible to differentiate these cases from typhoid 
fever According to their action and appearance on different culture 
media, Schottmueller divides paratyphoid bacilli into two groups Those 
in the first group show a contmuous acid reaction in litmus milk and 
produce an invisible growth on potato, the second group at first show 

7 Gwyn Infection -witli a Paracolon Bacillus in a case with All the Clinical 
Features of Typhoid Fever Bull Johns Hopkins Hosp , 1898, ix, 54 

8 Cushing A Comparative Study of Some Members of a Pathogenic Gioup 
of Bacilli of the Hog Cholera or Bacillus enteritidis (Gartner) Type, Intermediate 
Between the Typhoid and Colon Groups, With a Beport of a Case Besemhling 
Typhoid Fever, in Which There Occurred a Postfehrile Osteomyelitis Due to Such 
an Intermediate Bacillus Bull Johns Hopkins Hosp , 1900, p 156 

9 Schottmueller Ueber eine das Bild des Typhus bietende Erkiankung 
hervorgerufen durch typhus-ahnliche Bacillen Deutsch med Wchnschr, 1900, 
p 511 Weitere Mittheilungen uber mehrere das Bild des Typhus bietende Krank- 
heitsfalle, hervorgerufen durch typhus-ahnliche Bacillen (Paratyphus) Ztschr 
f Hvg u Infections krankh , 1901, p 368 
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acid leaction, later alkaline, in litmns milk, tlie growth on potato is like 
Bacillus coll, foimmg a grayish-yellow coat 

From his clinical experience, Schottmuellei concludes that paraty- 
phoid IS a milder disease with a more favorable prognosis than typhoid 
fever hTot one of his patients had a relapse He states that the blood 
examination is of great value and that Widaks test and examination of 
feces are always negative eaily in the disease 

About the same time, and independent of Schottmueller, Kuith^° 
reported five cases of typhoid-like disease, which showed no Widal reac- 
tion In one case he isolated fiom the feces, in another from the urine, 
a bacillus which was agglutinated by all the patients’ seium This 
bacillus fermented grape sugar, produced no indol and did not coagulate 
milk Kurth thought that this hacillus was related to the bacillus of 
Gartner The majoritj' of reported cases of paratyphoid diseases have 
been due to infection with the paratyphoid B bacillus , about a thousand 
of such cases have been observed 

REVIEW OF LITERATURE ON PARATYPHOID B 

The first epidemic of paratyphoid B fever reported occuried at 
Saarbrucken, Geimau}", in 1903, and the cases were systematically inves- 
tigated by Conradi, von Dngalski and Juergens,^^ Hulinermann,^- 
Priefer^® and Juergens Thirty-eight cases weie obseived in die Saai- 
brucken epidemic , at the same time there were twelve sporadic cases in 
the surrounding country The bacillus was piesent in the feces of 
eighteen of the epidemic cases and in the feces of all the sporadic cases 
All eases reported before the Saarbrucken epidemic occuired sporadically 
Sometime later De Feyfer and Kayser^® reported a small epidemic in 
Eibergen, Holland, there occuried fourteen cases which lan a clinical 
course somewhat similar to typhoid fever The diagnosis was made by 
agglutmation tests only, using the patient’s serum and paratyphoid B 
bacilli Ho attempt was made to isolate the organism from the blood 

10 Kurtli Ueber eine Typhus ahnliche, dutch emeu bisher nicht beschriebenen 
Bacillus {Bacillus htemensis feiris gastiicw) bedmgte Erkrankung Deutsch 
med Wchnschr , 1901, p 501 

11 Conradi von Dngalski and Juergens Ueber eine unter dem Bilde des 
Typhus verlaufende, durch einen besonderen Erreger bedmgte Epidemic Ztschr 
f Hyg u Infectionslo-ankh , 1903, p 141 

12 Huhnermann Bacteriologische Befunde bei einer Typhusepide mie Ztschr 
f Hyg u Infectionskrankli , 1902, p 522 

13 Briefer Aetiologie, Ihcubationszeit und Idimsehe Krankheitsersclieinungen 
bei einer Typhusepidemie Ztschr f Hyg u Infectionskrankli , 1903, p 23 

14 Juergens Zur Aetiologie und Pathogenese des Abdominaltjrphus Ztschr 
f klin Med, Beil, 1904, Heft 2 

15 De Feyfer and Ha's ser Miinchen med Wchnschr , 1902, Nos 40 and 42 



F PROESOEER-^ A ROBEY 


267 


and Znpnik and Posner^^ reported 9 cases, and Lentz^® 130 
cases Yagedes/® Friedel,-® Lembke,-^ B Pischerp^ Prion and 
Kayser/3 Hetscli/^ Levy and Pornet^® have leported a great number 
of cases of paiatyphoid B fevei, the diagnosis made by agglntmation tests 
and lecoveimg the bacillus from the feces Prom a review of all the 
paratjTihoid B eases it appears that paratyphoid B bacilli can be isolated 
from the stools without any difficulty when Loeffler’s malachite-green 
agai IS used, this is in contrast to the difficulty of ffiadmg the Bberth- 
Gaffky bacillus in the stools The investigations of Conradi, von 
Dngalski and Jueigens duimg the Saarbrucken epidemic showed that 
the bacillus may be found in the stools diirmg the first week of the dis- 
ease , in some cases the bacillus cannot be isolated from the feces, while m 
other cases it is present for a long time aftei all symptoms have disap- 
peaied The baciUus was isolated fiom the stools by PriedeP® and 
Lentz-" two and a half and nine and a half months after all s^rmptoms 
of the disease had disappeared Gases m which the parai^hoid B bacil- 
lus IS present for a long tune after the disease, have no other bacteria m 
the feces, this rule is the same after typhoid fever The bacillus was 
present in the urine in only a few cases (Achard and Bensaude,^ Kuitli,^® 
Conradi, Dngalski, Juergens,’-^ B Pischer-^) 

16 Beljaeff Ueber Paratyphuserkrankungen, Section fur Bacteriologie der 
kaiseilicben Gesellscbaft fur Naturkunde, Etbnologie und Antbropologie in 
Moskau Sitzung, Nov 2, 1902 Centralbl f Bakteiiol, 1903, p 87 

17 Zupnik and Posnei, A Typhus und Paratyphus Prag med Wchnschr , 
1903, No 18 

18 Lentz Ueber cliionische Typliusbacillentiagei Klin Jahrb , 1905, p 475 

19 Vagedes Paratypbusbacillen bei einer Melilspeisem eigiftung Klin Jaliib , 
1905, p 517 

20 Fiiedel Die Typhusuntersucliungen des Laboratoriums der Koenig 
Regieiung in Coblenz Hyg Bundschau, 1906, p 521 

21 Lembke Eine Paratypliusepidemie im Kreise Kreuznacli Ztschr f Med 
icinalbeamte, 1905, p 233-242 

22 Fischer, B Untersuchungen uber den Unterleibstyphus in Schleswig-Hol- 
stein Klin Jahrb , 1900, No 1, p 61 

23 Brion A, and Kayser, H Neuere klinisch-bacteriologische Erfahrungen 
bei Typhus und Paratyphus Deutsch Arch f klin Med , 1906, pp 525-551 

24 Hetsch Choleraverdachtige Brechdurchfallerkrankungen und Todesfalle 
im Spree^valde (Kxeis Kottbus) im Jahre, 1905 Klin Jahrb , 1907, p 267 

25 Levy, L , and Fornet, W Nahrungsmittelvergiftung und Paratyphus 
Centralbl f Bakteriol , 1906, pp 161-173 

26 Friedel Die Typhusuntersuchungen des Laboratoriums der Koenig Bewier- 
ung in Coblenz Hvg Rundschau , 1906, p 521 

27 Lentz, 0 Uebei chronische Typhusbacillentrager Klin Jahrb , 1905, p 
475 
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Finding the paiat5'phoid B bacillus in the blood-stream is con- 
clusive evidence that it is the cause of the disease, recovering it fiom 
the feces only is a probable, hut not positive indication Of all the cases 
observed in Europe, in only a few was the blood examined for the 
bacillus Jochmann, two cases,-® Korte,-® one case, E0II3V® two cases, 
Brion and Kayser^® and Kayser,®^ three cases , Buediger,®® three cases, and 
Schottinueller,®® four eases 

The bacillus can be found in the blood duiing the first days of the 
disease Schottmueller found it on the fouith, tenth and fifteenth days 
of the disease, Korte on the twentieth, Eolly on the seventh and muth, 
and Brion and Kayser on the fifth, sixth and seventh days Durmg the 
Saarbiucken epidemic the paiatyphoid B bacillus was isolated from the 
lose spots of four patients on the sixth, seventh and eighth days by 
Coniadi, Drigalski and Juergens 

The gall-bladdei is the most favorable portion of the body foi the 
growth of this organism, and in it the bacillus is harboied in those cases 
which show the bacillus present in the feces long after the subsidence of 
the disease During life the bacillus has been found in the gall-bladdei, 
in abscesses and in the lochia Post mortem it has been found in the 
ventricular and spinal fluids, milk, heart-blood, tonsils, intestine, gall- 
bladder, spleen, liver and kidneys 

Cases of mixed infection by "typhoid and paratyphoid B have been 
reported by De Feyfer and Kayser, Conradi and Gaethgens,®^ they 
based their diagnosis on agglutination tests and stool examinations, but 
neglected to make bacteriological blood examinations and failed to cairy 
the cultivation on vaiious media as far as is necessary to make a diffeien- 
tial diagnosis 

O 

28 Jochmann, G Bacteriologische Blutuntersuchungen, Voitiag in dei Sitzung 
d med Section, d schles Gesellscli f vaterlandiche Cult Keferat, Centralbl f 
Bakteriol 1903, p 193 

29 Korte, W Em Beitrag zur Kenntniss des Paratyplius Ztsclir f Hyg u 
Infectionskrankh , 1903, p 243 

30 Roily Zur Kenntniss der durch das sogenannte Bakteiium Paiatj'phi 
hervorgerufenen Erkrankungen Deutsch Aich f Klin Med , 1906, p 595 

31 Kaysei Ueber die emfacbe Galleniohre als Anieiclieiiingsniittel und die 
Bacteriologie des Blutes bei Typhus sowie Paratyphus Munchen med Wclinschr , 
1906, No 17 

32 Ruediger Bacteiiologic Study of the Blood in Thirty Cases of Clinical 
Typhoid Fever Tr Chicago Path Soc , Jan 12, 1903 

33 Schottmueller Ueber erne das Bild des Typhus bietendeErkankung hen 01 ge 
rufen durch typhus ahnliche Bacillen Deutsch med Wchnschr , 1900, p 511 
Weitere Mittheiltmgen uber mehrere das Bild des Typhus bietende Krankheits 
falle, heivoigerufen durch typhus ahnliche Bacillen (Paratyphus) Ztschr f 
Hyg u Infectionskrankh , 1901, p 368 

34 Gaethgens, W Uebei einen Fall von IMischinfection 1 on Typhus und Para- 
tvphus Centralbl f Bakteriol , 1906, No 5 
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clijStical course oe paratyphoid B 

One-half the cases run a clinical course which resembles that of mild 
typhoid fever, the other half clinically resemble Asiatic cholera Of the 
typhoid-like cases, 50 per cent start with headache, anorexia, malaise 
and fatigue, which gradually grow moie seveie, so that the patient is 
compelled to take to bed from fourteen to tiventy-one days after noticing 
the first symptom, the same as in typhoid fever The others have a sud- 
den onset, if the patients are adults they are seized with a chill, which 
IS followed by a sudden rise of temperature to 40 or 42 C , and some- 
times vomiting, in children the chill does not occur, but the onset is 
marked by convulsions Herpes of the nose and lips may appear in the 
first hour of the disease Diarrhea is present thioughout the illness m 
70 per cent of the cases The stools are dark brown, pultaceous, and 
have a peculiar odor Deces nevei have the appearance of pea-soup A 
loseolai rash appears the same as in typhoid, when abundant it is 
punctate, when scanty it is more macular 

In some cases, those of sudden onset, the highest temperature is reg- 
istered on the first day When the onset is gradual the temperature- 
cuive is similar to that of typhoid fever during the first three or four 
days of the disease The duration of fever after the fourth day is 
variable, anywhere from three days to three weeks, during which time 
the temperature-curve shows daily oscillations of two or three degrees C. 
Droni the sixth to the twenty-fourth day of the disease, the temperature 
begms to recede by lysis, and about seven days later is normal Some 
observers have pointed out, as an aid to differential diagnosis, that in 
typhoid fever the enlarged spleen is usually palpable and soft, while in 
paratyphoid fever B the spleen is palpable in only 20 per cent of the 
cases and is hard The mortality ol paratyphoid B fever cases which run 
a course lesemblmg typhoid fever, is less than that of paratyphoid B 
fever cases which resemble Asiatic cholera and meat-poisonmgs , it is 
also less than the mortality of typhoid fever, but more than the mor- 
tality of paratyphoid A fever During the Saarbrucken epidemic, 30 
cases, there were no deaths Lentz reported 120 cases, with a mortality 
of 3 3 pel cent , the mortality of paratvphoid B, cholerifoim type, at 
the same time, was 9 per cent The cases of paratyphoid B fever caused 
bv meat poisoning and some cases mfected in other ways, are of this 
tipe, which composes about one-half of all the cases of paratyphoid B 
fevei Clmically, this type of paratyphoid, cholera nostras and Asiatic 
cholera, are identical, when the lattei is prevalent cases of paratyphoid 
may be confounded with it The correct diagnosis can be made only by 
bacteiiologic examination Scliottmueller reported 5 cases, which he at 
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first thouglit were Asiatic cholera from the clinical iiictuie, but he found 
the parathyphoid B bacillus and not the comma bacillus in the stools 
A large epidemic of similai cases was observed by Hetsch in Kottbus 
and vicmity duiing the autumn of 1905 The couise was pernicious and 
the clinical picture exactly like that of Asiatic cholera The rice-water 
stools were fetid and contamed mucus and paiatyphoid B bacilli Man\ 
similar cases have been observed and reported by Muehlens, and Kut- 
scher/^ Vagedes^ Fnedel, Lentz and Eolly 

The mortality of choleriform type of paratyphoid B fever is higher 
than in any of the other forms of paiatjyphoid 


TABLE 1 -POST-MORTEM FINDINGS IN CASES OP PARATYPHOID B 


Reported 

by 

Day of 
Disease 

Spleen 

Intestine 

Stomach 

Mesenteric 

Glands 

Longcope 

3 

Enlarged 

Slightly elevated follicles 
in the colon 

No change 
from normal 

No change 
from normal 

Luksch 1 

12 

Slight enlarge 
ment 

Mucous membrane dis 
tended and pale 

Mucous mem 
brane show 
edafewhem 
orrhages 

Enlarged and 
reddish 

Jochmann 

16 

[ Swollen 

No change from normal 

1 

No change 
from normal 
Blood con 
tamed para 
tjphoid ba 
ciUi 

Swollen 

Blood con- 
tamed para 
typhoid ba 
Clfil 

Vagedes 

2 

1 Normal 

Marked swelling of Pey 
er’s patches they con 
tamed many paraty 
phoid bacilli 

All organs and 
feces con 
tamed para 
typhoid ba- 
cilli 

All organs and 
feces con 
tamed para 
typhoid ba 
Cllll 

Brion and 
Kayser 

18 

Slightly en 
larged 

1 

j 

Ulcers on Pej er’s patches 
Many ulcers, some as 
deep as the muscularis, 
in the ileum, cecum, as 
cending.and sigmoid f 

1 

Sligh tly en- 
larged and 
reddish 

Roily 

7 

Slight enlarge- 
ment 

Injected and edematous 
superficial ulcer above 
ileo cecal valve 

Mucous mem 
brane red 
and swollen 

No change 
fromnormal 

Hetsch 

Several 
cases all 
the same 

1 Slight enlarge 

ment 

Acute inflammation of 
small intestine 

No change 
fromnormal 

No change 
fromnormal 


pathologic anatomy op paratyphoid B 

Unquestionable cases of paratyphoid have been examined post-moitem 
by Longcopej®® Lukseh,®'^ Jochmann/® Yagedes,^’ Brion and Kayser/® 

35 ELutsclier Abdominal Typhus In von Kolle and Wassermann’s Handbuch 
der pathogenen Microorganismen, Jena, 1908, p 18S 

36 Longcope, W T Paracolon Infection, together with the Report of a Fatal 
Case, with Autopsy Am Jour Med Sc , 1902, p 209 

37 Luksch, F Ein Beitrag zui pathologischen Anatoniie des Paiatyphus 
Centialbl f Balctenol , 1903, No 34 
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Kolly/° Trautmann/® Diigalski/^ Hetsch^* and Kntscher, the findings 
in the cases of Longcope, Luksch, Jochmann, Vagedes, Brion and Kayser, 
Kolly and Hetsch, are given in Table 1 The number of post-mortems 
have been too feiv to draw conclusions from It is probable, however, 
that in this disease, as in typhoid fever, there is a characteristic patho- 
logical change in some of the oigans 

In addition to the changes found in the spleen, intestmes anl lym- 
phatic glands in paratyphoid fevei, there are parenchymatous and fatty 
changes in the livei, heart and kidneys, the same as in all other infec- 
tious diseases (Trautmann, Drigalski and Kutscher ) 

A summary of the post-mortem findings in Table 1 shows a moie or 
less marked gastro-enteritis in all cases, in contrast to typhoid fever, 
changes in the lymphatic apparatus are only occasionally observed, and 
the Payer’s patches are ulcerated in very few cases In some cases the 
pathological findmgs are similar to those of dysentery 

Infection with paratyphoid bacilli is through the gastiointestmal 
tract 

PARATYPHOID B BACILLUS AND THE ETIOLOGY OP POOD-POISONING 

Research has established close relationship between paratyphoid B 
bacillus and the other bacillP® which cause disease after the ingestion 
of infected food-stufis Meat-poisoning usually occurs after partaking 
of raw or slightly cooked meat, pudding or sausage 

Large and small epidemics have been observed which showed diffeient 
clmical courses In most cases the onset is sudden, vomiting and diar- 
rhea occurrmg immediately after eating the infected meat, other symp- 
toms appealing six or twelve hours later Occasionally symptoms do not 
develop until two or three days after ingestion Sometimes the disease 
starts like cholera nostras and develops the clmical picture of that dis- 
ease, about 30 per cent of such cases show gieat weakness and ataxia 
A few cases run a course similar to typhoid fever, the epidemic of 
Kloten belonged to this group In others the disease is milder, the 
symptoms suggesting a simple gastroenteritis 

38 Trautmann Der Bacillus der Dusseldoifer Fleischveigiftung und die vei- 
wandten Bacterien der Paratypliusgruppe Ztschr f Hyg u Infectionskrankh , 
1903, p 139 

39 von Drigalski Ueber eine durcb Genuss von Pferdefleisch veranlaste 
.Massenvergiftung, Beitiag zur Aetiologie der Fleiscbvergiftung Pestschi zu E 
Kocb’s GOtli Geburtstag, 1903, p 409 

40 Nearly all diseases resulting from eating infected food are caused by either 
paratyphoid B bacillus or the BacilUis ejitentid^is of Gartner, a small proportion 
are due to an anaerobic organism, very different from the Para B bacillus and 
Bacillus enieiitidis, the Bacillus bof whims (von Eimengem) 
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Theie are two etiologic factors in tlie acute gastric forms In addi- 
tion to the bacteria, there are the toxms formed by them before and 
after entering the stomach Those belonging to this group are piimarily 
cases of intoxication, and the sudden onset of choleiifoim symptoms aie 
due to the toxins 

The symptoms usuallj obseived aie diaiihea, fetid, yellow ejections, 
toxic albuminuria, herpes, roseola, urticaria and multiple hemorrhages 
in the skin Eelapse seldom occurs, convalescence is slow, the mortality 
IS between 2 and 5 pei cent 

Meats winch cany this disease are obtained from animals that weie 
diseased at the time they weie slaughteied, and thke meats were not 
cooked sufficiently to kill the baeteiia and destroy the toxins The causes 
of many epidemics have been tiaced to the pioducts of cows, calves, pigs 
and horses affected with septic inflammatoiy piocesses, mastitis polyai- 
thntis, phlebitis of the umbilical vem, pueipeial and pneumonic pioc- 
esses and unclassified gastrointestinal diseases 

Most of the choleriform cases occui in the summer after eating laiv 
scraped meat, smoked meat, salt meat oi sausage Often the curing, salting 
or boiling have not been sufficient to destroy the bacteria Sausages aie espe- 
cially dangerous, because they are made of the inferior giades of meat, 
intestine, liver, kidney and lung, and the mtestmes, livers, kidnejs and 
lungs of diseased animals contain enormous numbers of pathogenic bac- 
teria The structure of sausage is peculiarly favorable to the develop- 
ment of bacteria and the retention of their toxins, the long time which 
inten enes between the manufacture and consumption of sausage increases 
the dangei 

Gartner^^ was the first to establish the etiology of this disease Din- 
ing an epidemic of meat-poisoning he discovered that the patients had 
all eaten meat obtained from one animal, and he found that the animal 
had been suffering with gastiointestmal catarrh when it was slaughteied 
He isolated from some of the fresh meat and the spleen pf the cow a 
pathogenic organism which he named Bacillus entenUdis 

From the spleen of a man who had eaten some of the meat, developed 
the disease and died, he recovered the same bacillus 

After an exhaustive investigation, Hoble^^ divided all the cases of 
meat-poisoning into two groups, according to their etiology In the first 
group are all the cases due to mfection by the Bacillus enteniidis 
(Gartnei), and the second group contains all the cases that were caused 

41 Gartner Breslauer Aer 2 tl Ztg , 1888 

42 De Noble Van Ermengem Eleisclivergiftungen an von Nolle and Wassei 
mann s Handbuch der patbogenen Microorganismen, Jena, 1903, ii, 657 
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by the paiatyphoid B bacillus Noble’s investigations have been con- 
fiimed by B Bischei/^ Trautmann/^ Boehme/^ Uhlenhuth/'^ Vagedes/® 
Nutschei and Meinike 


TABLE 2— CASES OF MEAT-POISONING, DIVIDED INTO GROUPS ACCORDING 


TO 


Gioup 1 

Caused b 5 ' Bacillus Enter itidis (Gartnei) 
Epidemic Obseivei 


Piankenhausen 

Moorseele 

Gent 

Bruegge 

Brussel 

Willbrock 

Rumfletli 

Haustedt 


Gartner 
Van Ermengem 
Van Ermengem 
De Noble 
De Noble 
De Noble 
Fischer 
Fischer 


ETIOLOGY 


Gioup 2 


Caused by Paia B Bacillus 
Epidemic Observer 


Gaustad 

Berslan 

Posen 

Hatton 

Chadderton 

Slrault 

Aertyk 

Meirelbeck 


Holst 

Fluegge & Kaensche 

Guenther 

Durham 

Durham 

Herman Van Ermengem 
De Noble 
De Noble 


The oigamsm which caused all the cases in the second gioup, named 
by diffeient observers mouse-typhus bacillus (Loeffler), hog-choleia bacil- 
lus and Bacillus 'psittacosis (Nocard), has been proved by cultural and 
immunisatoiic tests to be the paiatyphoid B bacillus 

At the present time the consensus of opinion of the previously men- 
tioned observers is that the majority of all eases of food-poisoning are 
caused by the paratyphoid B bacillus 

The reported epidemics since 1900 have all been caused by the para- 
typhoid B bacillus, they are given in Table 3 


TABLE 3— EPIDEMICS SINCE 1900 


Epidemic 

Dusseldorf 

Kiel 

Berlin 

Frankfurt a M Hospital 

Virchow Hospital (Berlin) 

German inft regt 160th 

Neunkirchen 

Grelfswald 

Halle 

German Man of War (Blitz) 


Reported By 
Trautmann 
B Fischer 
Kutscher 
Bmgel 

Marx 
Drigalski 
Uhlenhuth 
Liefmann 
Rugge & Rogge 


Meat was the principal but not the only foodstuff which carried the 
disease in those epidemics 

The seium from all the cases agglutinated not only the bacillus iso- 
lated fiom the patients, but also all other cultures of the paiatyphoid B 
bacillus, in high and low dilutions 

The last six cases in Table 3 occuned during the year 1908 


43 Fischer, B Zur Aetiologie der Fleisclivergiftungen Ztsclir f Hyg u 
Infectionskranldi , 1902, p 447 

44 Boehme, A Weiterer Beitrag zur Charactensirung der Hog Cholera 
(Paiatyphus) Gruppe Ztschr f Hyg u Infestionskrankh , 1905 

45 Uhlenhuth Zur Kenntniss der gastrointestinalen Fleischvergiftungen und 
der hiologischen Eigenschaften ihrer Erreger von Leuthold Gedenksehr , 1906 
P 71 

46 Kutscher and Meinike Vergleichende Untersuchungen uber Paratyphus, 

Enteritis und Mausetyphushacterien und ihre immunizatorischen Beziehun^en* 
Ztschi f Hyg u Infectionskrankh , 1906, p 301 ° 
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REVIEW OF LITERATURE ON PARATYPnOID A 

It IS the pievailmg opinion that paratyphoid A is an uncommon dis- 
ease and of minor importance, because so few cases of the disease have 
been lecognized Chiefly through the efforts of Koch, durmg the last 
few years a great many systematic studies of typhoid and typhoiddike 
cases have been carried out in Germany The majority of those mter- 
ested in that work believe that paratyphoid B occurs frequently, but that 
typhoid cases are more numerous They think that the number of cases 
of paratyphoid A are few and of little importance Kayser believes that 
paratvphoid A fever is an important disease, worthy of more attention 
than has been given it in the past 

If typhoid and typhoid-lilce cases were studied m America as they 
are in Germany, we believe that paratyphoid A fever would be found 
to occur much more frequently than paratyphoid B, and the number of 
eases would be found greater than is imagined at present A review of 
the American literature on paratj'phoid fever shows that nearly all the 
reported cases belong to Group A Cases of unquestionable paratyphoid 
A fever have been reported m the United States by the following 
Gwyn^ (1898, 1 case), Cushing® (1901, 1 case), Coleman and Buxton^'^ 
(1903, 1 case), Johnston'*® (1903, 3 cases), Hewlett*® (1903, 3 cases), 
and Allen*® (1903 3 cases) It is remarkable that in 1908-09 we found 
in the Allegheny General Hospital over 50 cases of paratyphoid A fever,®® 
about 300 cases of typhoid fever, but not one case of paratyphoid B 

In Germany the following have reported cases Schottmueller® (in 
1900, 1 case A, in 1901 one case A, and 5 cases of B) , in 1901, Brion 
and Kayser®* (1 case paratyphoid A) , Kayser®® (3 cases A) , andEolly®® 


47 Coleman, W , and Buxton, B H Paratyphoid Infections n ith Repoi t of a 
Case Clinically Identical with Typhoid Fever m Whose Blood Paratyphoid Bacil- 
lus Was Found Am Jour Med Sc , 1902, p 976 

48 Johnston, W B Paratyphoid Fever, Report of Four Cases, Analysis of 
All Reported Cases Am Jour Med Sc , 1902, p 187 

49 Hewlett, A W Report of a Case of Parat 3 rphoid Fever Am Jour Med 
Sc , 1902 Allen, H W Paracolon Infections, with Report of Three Cases Am 
Jour Med Sc, 1903, p 96 

50 Proescher, F , and Roddy, J A A Report of Forty-eight New Cases of 
Paratyphoid Fever, Type A, Jour Am Med Assn , 1909, lii, 470 

51 Brion, A , and Kayser, H Ueber eine Erkrankung mit dem Befund eines 
typhusahnlichen Bakteriums im Blute (Paratyphus) Munchen med Wchnschr , 
1902, No 15 

52 Kayser, H Baktei lologischer Befund hei einem -neiteren Fall ^on Para- 
typhus des Biion-Ka's ser schen Ijphus A Centialbl f Bakteriol , 1905 1906, 
p 285 
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1 case of paiatyphoid A fevei m 1906 Wetter®® reported 17 cases in 
France, bnt he did not examine the blood and it is doubtful wliethei 
the baeiUi were A oi B 

Strong®^ and Hume®® reported cases in 1902 as paratyphoid A, but 
the bacilli produced indol and were not agglutinated by para A serum 

E Kasuya is said to have reported a case of paratyphoid in J apan in 
1908, but we have been unable to obtain his report or cultures 

Cultures from eleven cases, isolated by other investigators, whose 
names follow, were obtained from Kial of Brag, and have been studied by 
us Gwyn, Cushing, Coleman and Buxton, Hewlett, Johnston (patients, 
Milefsky and Badach), Allen (patients, Samuels and Euster), Schott- 
mueller (patients, Barg and Mueller), Biion and Kayser A summary of 
the clinical course, bactenological findings and agglutination results of 
these 11 cases is heie given 

The prodromal peiiod lasted from thiee to twenty-four days, average 
13 days The onset was abrupt in 3 cases , in others it was gradual, but 
not so long as for typhoid fever Ten patients were males, two females , 
one was a negro and one a negiess, all the others were Caucasians The 
patients’ ages ranged from 16 to 46 years, two were under 20 years, 
two were in the fourth and one m the fifth decade, the rest were in the 
third decade of life The duration of fever was from ten to twenty-eight 
days, average duration eighteen days Two patients had relapses which 
set in after the temperature had been normal for one week, the relapse 
lasted for ten days in one and fourteen days in the other case One 
patient had three fever periods of ten, fifteen and sixteen da} s’ duration, 
between which weie two periods of seven days each when the tempera- 
ture was normal and symptoms absent None of the patients had ever 
had typhoid or paiatyphoid before 

Initial Symptoms — Headache and general malaise were the first symp- 
toms in all but one case, soon afterward, anorexia developed, half of 
them had vomitmg, 3 developed coryza, 4 were conscious of fever, 2 
complained of alternating chilly and feverish sensations, one had cough 
and white mucous expectoration, one acid eiuctations and vaginal dis- 
charge One case with abrupt onset started with pronounced chill, fever 
and sweat Five patients weie constipated, five had mild diarrhea, and in 
two the bowels were normal 

53 ISTetter, M M A Quatneme sene d infections paiatyphoidiques (23 cases 
nouveau-v) Compt rend Soc de biol , 1905, p 501 

54 Strong Paiacolon Bacillus Bull Johns Hopkins Hosp , 1905, p 501 

55 Hume A Hew Pathogenic Bacillus Isolated from a Case Diagnosed as 
Tyqihoid Fevei The Tliompson-Yates Laboratories Bep , 1902, iv, 2 
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Ghmcal Course — All the patients were constipated except one, who 
had from three to five greenish, wateiy evacuations daily for twenty days 
In the majority the tongue was coated uniformly with a thick giayish- 
white fur and was moist Two had typical typhoid tongues, one had a 
dry, reddish-hiown, glazed and fissuied tongue One patient had phaijn- 
gitis and one had bronchitis Dicrotic pulse was noted in only two cases 

Of these 11 patients, 6 had slight abdominal tenderness, one had 
tympany and distention The spleen was laige and palpable in 10 out 
of 11 cases The liver was slightly enlarged in 4 Half of the patients 
showed slight albumin in the urine A roseolar lash appealed on 10 out 
of 11 patients, the individual rose spots were similai, but not as many 
as in eases of typhoid fever 

The Widal tests were alwa 3 's negative, the diazo leaction vas positive 
in thiee eases The average temperature during the height of the dis- 
ease was between 101 and 102 D , pulse 80 to 90 The highest tempera- 
ture recorded in most cases was 103 , one patient when admitted had a 
temperature of 105, which fell several degrees in a few hours All cases 
ended by lysis, which was preceded m two cases by a pseudocrisis 

Complications developed in 4 cases 2 patients had delirium for sev- 
eral days, one had cholecystitis and lohai pneumonia, and two patients 
had intestinal hemorrhages Convalescence was rapid and recovery com- 
plete in all cases 

Cushing’s case differs from the rest in being purely surgical and 
treated as such Culture taken from the wound showed onl}'^ one kind of 
organism , it fermented glucose and did not coagulate milk 

OGCUREUNOE OE PABATYPHOID A BACILLI 

Paladino-Blandinff® isolated a bacillus which he believed was the 
paratyphoid A bacillus, from spring- water, used for drinking purposes in 
an Italian village where typhoid-like cases of fever occurred 

During the three months when the greatest number of cases of para- 
typhoid fever occurred in Pittsburg, water was taken from the Allegheny 
and ]\Ionongahela rivers at different points in the city and suburbs dail 3 % 
in all that time neither typhoid nor paratyphoid bacilli were found in it 

Morgan®’’ states that he found paratyphoid A bacilli in the feces and 
SCI apings from the mucous membranes of the small mtestines of health}’’ 
guinea-pigs, rabbits, pigs, sheep and horses The organisms isolated and 

56 Paladino Blandim Contribute alle conoscenze sui paratifi Ann d’lg sper 
1903, XV, 159 

57 Moigan, H de Some Obseivations on the Micio organisms of Meat 
Poisoning and Then A-llies But Med Jour , 1905, p 57 
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described by Moigan produce indol and aie not agglutinated by Schott- 
mueller’s serum, therefore, they are not paratyphoid A bacilli, probably 
they are atypical forms of Bacillus coli 

jMOephology and cultural characteristics oe paratyphoid a 

The paratyphoid A is a short, actively motile bacillus, variable in size 
and morphologically indistinguishable from the typhoid bacillus Its 
motility IS more darting in character than the typhoid bacillus (Cushing, 
Gwyn, SchottmueUer, Blumenthal, Coleman and Buxton, Hewlett, Allen, 
and Brion and Kayser) It has the same number (1^ to 14), and dis- 
tribution of flagella as the typhoid bacillus, sometimes long terminal 
flagella are observed (Cushing) 

It stams readily Bacilli taken from a growth on potato show polar 
staming ( S chottmueller ) 

Para A grows best at a temperature of 37 C (Brion and Kayser) 
It IS aerobic and facultative anaerobic Exposure to a temperature of 
60 C for a few minutes kills this bacillus, 55 C is not sufl&cient to 
destroy it (Cushing) 

Bouillon IS moderately clouded, not so much so as by Bacillus coh 
commums (Biion and Kayser) 

Gelatm smear cultures develop a thin, blueish, glittering appeal ance, 
later the growth is thicker and porcelain white (SchottmueUer), or the 
growth may have the same appearance as Bacillus coh communis (Brion 
and Kaysei ) , Allen, J ohnston, Hewlett and Blumenthal describe it as 
similar to the grovdh of the typhoid bacilli At first the growth on the 
surface of gelatin consists of grape-leaf-form colonies which show no 
striations as the typhoid bacilli do (Schottmuellei ) , pin-head-like col- 
onies, 3 to 4 mm in diameter, appear after thiee or four days’ growth, 
they are grayish and glistenmg , their surfaces are not striated , sometimes 
the center shows umbilication The deeper colonies are ovoid and their 
outline IS generally irregular (Brion and Kayser) Coleman and Buxton, 
Cushing, Hewlett, AUen, Johnston and Gwyn describe the growth of 
paratyphoid A on gelatm as mdistmguishable from that of typhoid 
becilli 

Milk IS not coagulated by the bacillus (Allen Blumenthal, Brion and 
Ka3^sei, Coleman and Buxton, Cushing, Hewlett, Johnston, SchottmueUer 
and Gwyn) SchottmueUer observed, after several weeks’ incubation, a 
slight transparency of milk Milk is at first acidified, after a period 
of three weeks it becomes neutral and so remains, or becomes slightly 
alkaline According to Hewlett, the amount of alkalmity is not suffi- 
cient to make the miUc transparent 
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Litmiis wliev aecoidmg to Schottmueller^ and Biion and Ka3'ser, 
after forty-eight hours is tinned rust-red, leinams acid and does not 
become cloudy, Blumenthal, Coleman and Buxton observed a slight 
cloudiness of litmus ivhey, with reaction always acid 

Allen and Gwyn experimented with litmus milk,®® and observed slight 
acidifying during the first twelve hours, at the end of the first week 
the acidity started to decline and after ten days the litmus mdk showed 
same reaction as control Two weeks latei they obseived distinct alkalin- 
ity This teiminal alkalinity was observed, but only once, with ciiltuies 
from one of Johnston’s cases (Milefsky) and Cushing’s case 

Agar smears show a very thin, gra3ash-white, transpaient growth, 
indistinguishable from that of typhoid bacilli (all observeis) 

On Drigalski agai blue colonies, smiilai to typhoid, develop (Brion 
and Kaysei and Blumenthal) 

Neutral red agar containing giape sngai is fermented and becomes 
fluorescent (Sehottmueller, Blumenthal and Biion and Kayser) 

Giape sugai is fermented, with gas and acid pioduetion, also maltose 
and dextrose Cane-sugai, milk-sugar and starch are not fermented 
(Sehottmueller, Brion and Kayser, Allen, Cushing and Gwyn) 

On potato there develops a barely visible moist, glistening giowth 
(Blumenthal, Coleman and Buxton, Johnston and Sehottmueller) Cush- 
ing describes the growth on potato as pale yellowish colored 

Indol production could not be detected by Schottmiiellei, Brion and 
Kayser, and Hewlett, Cushing, Allen and Johnston (in the case of 
Milefsky) observed slight indol formation 

The cultures of reported cases of paratyphoid A which we obtained 
fiom Krai, of Piag, all show tlie same characteristics as our paiatyphoid 
A cultuies, Pittsburgh The cultures obtained from Kial were the fol- 
lowing eases Schottmueller’s (cases of Barg and Muellei), Biion and 

58 Litmus milk is an undesirable medium to use for tlie study of the para- 
tiplioid bacilli, and para A cannot be diffeientiated fiom otliei bacilli by its 
giowtli in litmus milk When paratyphoid A bacilli are grown in milk, after a 
time the reaction of the medium becomes veiy variable There is a possibility 
that during the time paia A bacilli are being cultivated in milk, changes in the 
casein, independent of the presence of the para A bacilli, produce alkaline prod- 
ucts which cause the tei minal alkalinitj and give rise to erroi , therefore, it is 
probable that the laiiations of the cultures of Allen's and Cushing’s cases 
and one of Johnston’s (Milefsky), observed when they were cultivated in 
litmus milk weie only appaient and not real, the erroi being due to the use of an 
unieliable medium Expeiiments made by us with cultures of bacteria from these 
same cases and most caiefullj prepared litmus whey all resulted the same, show- 
ing constant acid i eaction and the litmus n hey aln a-^ s clear, after weeks’ incuba- 
tion 
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Kaysei’s, Coleman and Buxton’s, Cushing’s 0, Hewlett’s Case 7, Johns- 
ton’s (of Milefsky and Badach), Gwyn’s, Allen’s (eases of Euster and 
Samuel) 

AGGLUTINATION TESTS MADE BY VARIOUS INVESTIGATORS 

The lesults of agglutination tests made by the diSeient authois who 
have reported cases of paratyphoid fever A are not comparable, because 
the technic used by them was raiely the same, and very few of their com- 
munications mention oi explain the method pursued, serums of highly 
immunized animals was seldom used, and even the tests made with the 
patient’s sera were not earned on to the titei limit in some cases The 
following abstracts from the lepoits of cases contain practically all the 
information given by their authois concerning agglutination tests 

Gwyn isolated the bacillus from his patient’s blood at different times 
dining the course of the disease and the patient’s serum agglutinated in a 
dilution of 1 200, which was the limit of the titer, this seium would not 
agglutinate typhoid bacilli, but agglutinated two colon bacillus cultures 
in a dilution of 1 50 and 1 60 , however, these same colon bacillus cul- 
tuies were also agglutinated by normal healthy seium in a higher dilu- 
tion, 1 60 and 1 100 

Cushing°° isolated from his patient a bacillus which he named 0 
(which was a paratyphoid A bacillus) , the patient’s serum agglutinated 
it in a dilution of % to 2 in two hours The serums of five healthy per- 
sons did not agglutinate the bacillus in a dilution of 1 10 A rabbit was 
immunized with hog-cholera bacilli , its serum agglutinated bacillus 0 and 
hog-cliolera bacillus in a dilution of 1 5,000 

Bacilli taken from Schottmuellei’s two patients, Mueller and Baig, 
weie not afCected by the seium of a typhoid patient, both cultures weie 
agglutinated equallj in a dilution of 1 100 of serum taken from Mueller 
on the forty-third day of the disease Serum taken from a paratyphoid 
B patient (Koecher) did not agglutinate the culture from either Mueller 
01 Baig The serum of anothei para B patient, Di K , had no effect on 
either of the A cultures, but the sera of three other parathyphoid B patients, 

59 Two cultuies obtained fioni Loiigcope showed the same cliaractei istics as 
the other para A cultuies 

60 The results obtained by Cushing aie remarkable in that we find it impos- 
sible to lepeat them A complete examination of this bacillus made with the 
gieatest of caie, and employing all the known means of identification, described 
in another part of this work, prove the organism isolated by Cushing, and 
named “bacillus 0,” to be a typical paratyphoid A bacillus, whereas his result 
would put it in the paratyphoid B gioup 
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Krenzin, Tliot and Seemann, caused gioup agglutination of both cul- 
tures, in the dilutions of 1 100, 1 50 and 1 100, respectively Paiaty- 
phoid A serum taken from Mueller caused group agglutination of the 
para B , cultures taken from patients Krenzin, Thot and Seemann in a 
dilution of 1 100 , the same serum also agglutinated Bacillus coli in the 
same dilution 

The serum taken from Hewlett’s patient agglutinated the bacillu'? 
Hoonan in a dilution of 1 100, but would not agglutinate the Bberth- 
Gaffky bacillus in a dilution of 1 10 The serum of a guinea-pig immun- 
ized with the bacillus Hoonan agglutinated bacillus Hoonan in a dilution 
of 1 5,000, also Gwyn’s ^^paracolon,” Schottmuelier’s A and one of 
Johnston’s cases (Badach) in 1 5,000, Cushing’s ^^0” and one of Johns- 
ton’s cases (Milefsky) 1 500, and Coleman and Buxton’s Case 7 1 100 
It would not agglutinate Sehottmueller’s B, Kurth’s para B, bacillus 
Strong, Eberth-GafEky oi coli communis in a dilution of 1 20 

The bacillus isolated from Brion and Kayser’s patient was agglu- 
tmatod by the patient’s serum in a dilution of 1 1,000, this serum had 
no effect on the t 3 'phoid bacillus 

The seium from one of Johnston’s cases (that of Milefsky) agglu- 
tinated bacillus Milefsky and bacillus Badach in a dilution of 1 50 This 
serum had no effect on the typhoid bacillus. Bacillus clioleice sms. Bacillus 
enteritidis or the colon bacillus 

Roily’s patient’s serum agglutinated the isolated organism and other 
paratyphoid A cultures in a 1 500 dilution, and caused group agglutina- 
tion of paratyphoid B bacillus m 1 250 , also typhoid 1 50 

The bacilli taken from both Allen’s patients, Samuel and Euster, were 
agglutinated in a dilution of 1 100 by serum taken from Samuel, Gwim’s 
and Johnston’s cultures were agglutinated in 1 50, and typhoid bacillus 
1 10 by the same serum Euster’s serum agglutinated his own bacillus in 
a 1 200 dilution, Samuel’s 1 200, that of Gwyn’s patient 1 50, that of 
both Johnston’s 1 100 and typhoid bacillus 1 10 

ViEULESrCE OF PABATYPHOID A BAOIELUS 

The viiulence of the different A cultures was measured by the quan- 
titj!- of a 16-houi-old bouillon culture required to kill a white mouse in 
twenty-f oui hours , and the lethal doses were Gwyn’s ease, 0 2 c c , Cole- 
man and Buxton’s, 0 2 c c , Cushing’s 0, 0 2 c c , and case of Samuel, 

0 2 c c , case of Badach, 0 3 c c , Brion and Kayser’s case, 0 5 c c , and 
case of Euster, 0 5 c c 
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DESGEIPTIOX OF PAEATTPHOID A BACILLUS^ PITTSBUEGH 

This IS a very motile short bacilliis^ yrith roimded ends, some thick 
others slender, occasionally oecurrmg in chains The average length of 
a stamed specimen is 2 07 microns, being shorter than the Bacillus coh^ 
ivhicli is 2 to 4 microns, and the Eberth-Gaffk}^ bacillus, ivhich averages 
2 8 microns The motility, especially of organisms recently taken from 
a patient’s blood, is rapid and darting, in contrast to Eberth-Gaffky and 
the colon bacilli, ivhieli have an undulatory motion, and are much slower 
m motion The activity is due to six or eight lateral flagella Motility 
is greatest m bacilli fresh from a patient’s blood , those taken from cul- 
ture media aie less motile, the motility decreases every day duiing then 
growth on artificial media Positive microscopic differentiation of paia A 
from Eberth-Gaffk} bacilli is possible only occasionally in fresh specimens 
The alkalmity and other unknown properties of culture media cause 
changes m the appearance of para A bacilli grown on them so that 
oiganisms cannot be distinguished from Eberth-Gaffk}- bacilli 

With the usual basic anilme dyes^ in aqueous and alcoholic solutions, 
the para A bacdlus does not stam deeply ^ but on the addition of an alka- 
line or phenol mordant the staimng is deep It is Gram-negative All 
bacteria taken from gelatin and potato cultures show gianular staining, 
this IS occasionally observed in bacteria immediately after they have 
been isolated from the human body All the bacilli of the t 3 ’phoid-coli 
gioup stain the same way 

GROU TH OF PARATTPICOID A BACILLI OX VARIOUS MEDIA 

Paia A bacilli grow best on slightly alkaline oi neutral media at 
37 C They will grow without anj" change, but more slowl} at 
temperatures down to 20 C, multiphing equal!}* well undei aeiobic oi 
anaeiobic conditions 

After a few hours’ giowth in slightly alkaline bouillon theie is a faint 
homogeneous clouding of the medium, }ust as occurs with the Eberth- 
Gaffk}' bacillus a scanty fiocculent sediment is precipitated Scum 
formation occasionally develops in bouillon cultures cultivated for a long 
time, forty-eight cultures incubated for several months showed a scum on 
sixteen Para B bacilli make bouillon more cloudy and cause a heavier 
precipitate^ scum formation is about the same 

Libnus whe} after ten hours growth of para A bacilli is turned a 
deep red and lemains led and clear permanently. Eberth-Gaffky bacilli 
cause the same change but m a less marked degree Para B bacilli turn 
litmus vhe} led and cloudy in two or three days about thiee weeks later 
it again turns blue and tlieieafter remains blue and cloud} 
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Milk IS unchaiiged by para A during first four or five months, remain- 
ing acid, after that time the reaction is variable, maybe slightly acid, 
amphoteric or alkaline In eight or nme months the milk becomes 
elear, precipitates a granular sediment, turns orange-color and with the 
ehange in color becomes alkalme in reaction Aftei filtration, 100 c c 
are neutralized by 12 e c of decmormal sulphuric acid Milk containing 
para B bacilli after incubation for fourteen to twenty days shows slight 
clearmg without any precipitate, and when filtered 100 c c are neutral- 
ized by 10 c c decmormal sulphuiic acid The transparency of the milk 
caused by growth of paia A and B bacilli seems to be due to a ehange in 
the casein It is not due to saponification of the fat, a temperature 
of 37 C and the slight 'alljalimty are not sufficient to cause saponification 
After many mouths’ growth in milk eighty different cultures of typhoid 
bacilli were not affected in any way and showed no change 

In litmus milk-sugar, crystal- violet agar (Dngalski-Conradi), para 
A forms slightly elevated, round and oval colonies, some with regular 
and others with lobulated edges, bluish color and finely granular or 
smooth and sometimes lineated surface The growth of para B and 
Eberth-G-affky bacilli on this medium show same appearance as para A 
On Barsikow’s nutrose sugar (grape and milk) litmus, para A acts as 
follows One per cent nutrose milk-sugar litmus is turned red and 
remams clear, in 1 per cent nutrose grape-sugar litmus a raspberry-col- 
ored, fiocculent precipitate falls to the bottom and the fluid remams clear 
Para B bacilli produce the same changes m these media Typhoid bacdh 
grow m them without causing any change , Bacillus coli coagulates both 
Indol formation either m bouillon or peptone water could not be 
detected by the extremely sensitive dimethylamidobenzaldehyde test 
On blood-agar the groivth is like that of para B and typhoid bacilli, 
forty-eight hours after planting, dark green pin-head-sized colonies 
appear deep in the medium, on the suiface there are Imseed-sized colonies 
which are mouse-gray color 

Agar, slightly alkalme, smeai cultures, after ten to fifteen hours, show 
a dull grayish-white surface, with cloudy condensations of moisture on 
the glass which cannot be distinguished from that formed by Bberth- 
Gaffkjf bacilli, para B show a thicker growth and more cloudy water of 
condensation 

Endo agar (fuchsm-sulphite agar) is not changed by the growth of 
para A bacilli which form colorless colonies as do para B and typhoid 
bacilli On this medium Bacillus coli communis forms led colonies 
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"On malachite green agar para A forms small, round glassy, milk- 
cloudy colonies which are surrounded hy a yellow ring, para B colonies 
have the same appearance, with the exception that the yellow ring which 
surrounds them is thicker and more marked The growth of Eherth- 
GafiEky bacilli on this medium cannot he distmguished from that of para 
B bacillus. Bacillus coh communis rarely grows on this medium, occa- 
sionally a few atypical colomes which resemble the growth on para B 
are observed 

Neutral red agar contammg 1 per cent grape sugar is fermented and 
changed to a yellowish fluorescence by both para A and B Typhoid 
bacilli cause the same change, but m a less marked degree Para B 
bacilli turn litmus whey red and cloudy in two or three days, about three 
weeks later it turns blue and thereafter remains blue and cloudy 

On gelatm plates three or four days after plantmg, round and oval 
colonies appear, they have sharp edges, are 20 to 30 microns in diameter 
and have an uniformly granular surface, the growth of the para B 
bacillus on this medium is just the same 

Gelatm slant tubes of para A after ten or twelve days show a thm 
transparent, dull white film, just like the Eberth-Gaffky. Para B forms 
a thick wedge-shaped growth with the base of the wedge at the bottom 
of the tube , it looks like porcelam 

Gelatin stab cultures of para A m ten or fifteen days develop a dull 
white growth around the stab, which looks like a cylindrical brush made 
up of fine closely set bristles of slightly irregular lengths Gelatm stab 
cultures of para A cannot be distmguished from those of para B and 
typhoid Colon bacilli liquefy gelatm (See Photos Nos 1-4 ) 

On potato para A forms an invisible growth like the Eberth-Gaffky 
bacillus, and the growth is not affected by either acidity or alkalinity. 
Para B forms a thick yellowish-brown growth like Bacillus coh communis. 
Conradi, Juergens, Drigalski and Korte state that the growth of para A 
on potato IS either mvisible or only slightly visible Schottmueller and 
Bruck describe it as bemg similar to the growth of the Bacillus coh Pos- 
sibly the difference m these observations is due to variations in the 
different organisms cultivated 

On lactose and glucose Bacilli coh communis produce strong acidity, 
para A and tj phoid bacilli much less Para A and Eberth-Gaffky bacilli 
form about the same amount of acid on glucose, on lactose they form 
the same amount durmg the first two days , after that the typhoid bacilli 
cause less aciditj^ than the para A, probably because of the development 
of an alkaline substance by the typhoid bacilli 
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FBR]MENTATIOjSr OF CAEBOIIYDRATES AND ALCOHOLS BY PAEATYPHOID A 

BACILLI 

Typhoid^ paiatj'jjlioid and colon bacilli can be differentiated b}' tbeir 
giowth on caibolii di ates and alcohols, but paia A cannot be distinguished 
fioin paratyphoid B The typhoid (Ebeith-Gaffky) bacillus does not 
feiinent anj of the caiboh3'’diates oi alcohols Bacillus coli communis 
ferments all the carbohydiates except lafiSnose, aniyluin and iniilin 
The disacchaiids, lactose and saechaiose aie not fermented by either 
paia A 01 B, maltose is not fermented by paia A, but some cultuies of 
para B cause slight fermentation 

Eaffinose is not fermented b}'’ either pam A oi paia B 
Arabinose is fermented by all the paia A and B bacilli, except paia A 
Pittsburgh numbers 163 and 161 and paia B Lougcope and Philadelphia 
Xylose IS fermented by veiy few cultuies of A and B, most of them 
cause no fermentation 

Of the hexose group, considerable fei mentation of d-glucose and 
d-fiuctose IS caused by all the paia A and B bacilli Only a feu cultures 
ferment (^-manose and d-galactose, and but little gas is formed 

The pol^sacchaiids, am3lum and inulin aie not fermented dextiin 
IS strongly feimented by all the cultures of paia A and B 

The three-lndioxy (tiiatoniic) alcohol, glycerin and the foui-hidioxy 
(tetratomic) alcohol, erythiite, are not feimented by either paia A oi B 
Of the six-hydioxy (hexatomic) group, mannite is stiongl3 feimented 
b3'' all, isoduleit is weakh^ feimented b3’' all, and dulcit is slightly fei- 
niented b3'^ 12 per cent of the cultures 

The gases liberated b3 these fermentations are hydrogen and carbonic 
acid, in pi 02101 tions varying from 1 1 to 1 3 After oxidation of the 
hydrogen and the absorption of tbe carbonic acid, a slight residue of 
gas remains 

We believe that this residue is either nitrogen or methane After fer- 
mentation the bouillon is strongly acid 

TECHNIC 

All the carboh'v di ates and alcohols used in these expei imeiits v ei e of the high 
est chemical puiitj , they iveie obtained fiom Kahlbanm of Beilin 

The prepaiation of the media was as follows A quantity of bouillon suf- 
ficient foi all tests ivas made It was then feimented wath yeast foi tw^enty four 
hours, at the end of that time sufficient calcium caihonite w'as added to neutial- 
ize the acidity and precipitate the yeast, aftei which it was boiled foi one houi 
then drawn thiough a thick, compact, papei-pulp filtei hi a suction jiump The 
lesultant clear, plain, bouillon wms then inoculated with all the diffeient cultuies 
of para A and B bacilli and incubated at 37 C foi twenty-four houis, if at the 
end of that time no fermentation occiiired the diffeient carbohydiates and alco 
hols were added and lesults observed 
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This pielimmaiy testing of the bouillon hefoie adding the carbohydrates and 
alcohols IS essential, because experiments ivitli diffeient samples of plain bouillon 
have shown that some of them contain a substance feimented by paiatyphoid 
bacilli What the fermentable substance is we do not know, but do not believe it 
IS glycogen, because muscle sugai disappears shortly after an animal dies, and the 
means from which the bouillons are made had been in the lefrigeiatoi foi seveial 
weeks Eschei icli and Pfaundler have studied this fact for several years and state 
that the substance in plain bouillon, which feiments, is grape-sugai , our expeii- 
nients seem to dispiove this Whatever the substance is, we know that it occurs 
in some, but not in all samples of plain bouillon, that it is feimented by yeast 
and paratyphoid bacilli, that its piesence in some of the bouillon used for expeii- 
ments with paiatyphoid bacilli by vaiious investigators has been the cause of dis- 
crepancies in their findings, that it can be entiiely lemoved from bouillon by 
fermentation with yeast, and that such preliminary fermentation will exclude the 
piobability of misleading and erroneous results 


ACID PRODUCTION BY GROWTH ON SUGAR 

Quantitative and qualitative tests of acid wliicli result trom tlie 
growth of paratyphoid A, Eherth-Gafflqq and coli bacilli were made , the 
teelinie as follows 

To slightly alkaline bouillon 4 pei cent of grape oi milk sugai was 
added, the alkalinity of the bouillon estimated by titration with hun- 
dredth normal sulphuric acid The acidity of the bouillon, after the 
growth of bacteria m it, was estimated by titiation -with hundredth nor- 
mal sodium hydroxid solution, using phenolphthalem as indicator Our 
results are shown in Table 4 


TABL13 4 — ACIDITY OF BOUILLON AFTER GROWTH OF BACTERIA 

Sterile Bouillon, with 4 Per Cent Grape Sugar Added , Alkalimti Estimated bv 
Titration with 16 c c Centinormal Sulphuric Acid , with 4 Per Cent 
Milk-Sugar, Alkalimti Estimated bi Titration with 16 5 c c Centi- 
normal Sulphuric Acid, Aciditi After Growth of Bacteria 
Estimated bv Titration mith Centinormal Potassium 
Htdroxid , Phenolphthalein as Indicator 



Coll B 

ColiB 

Para A 

Para A 

Typhoid 

Typhoid 


Grape S 

Millv-S 

Giape S 

Milk-S 

Giape S 

Milk-S 

7/30 

64 6 

37 4 

34 0 

32 6 

53 4 

37 6 

7/31 

66 4 

56 0 

57 0 

20 2 

58 6 

25 0 

8/ 1 

66 0 

32 8 

62 4 

28 0 

61 4 

16 0 

8/ 2 

66 8 

37 0 

64 6 

25 0 

58 2 

8 0 

8/ 3 

68 0 

60 0 

61 0 

24 8 

59 6 

7 8 

8/ 4 

63 8 

37 G 

60 0 

26 2 

39 2 

5 2 

8/ 5 

69 6 

39 0 

64 0 

21 0 

54 2 

5 4 

8/ G 

67 0 

61 2 

63 0 

17 0 

58 0 

4 8 

8/ 7 

69 0 

62 2 

61 8 

13 0 

62 4 

5 6 


So few cases of paiatj^phoid A have been reported that it is impos- 
sible to sa} at this time whethei it can be diSeientiated culturally from 
par a B There is no chaiacteiistic difference in the growth of par a A 
and para B on agar, Dngalski-agar (Figs o to 8), endo-agai, methjl- 
gieen agai, neutial-red agai, potato, nutrose-lactose-litmus or nutro=e- 
giape-sugai -litmus In bouillon the paiaQphoid A bacillus generall) 
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causes slight cloudmess, but the difference is too slight to be a distin- 
guished factor , both cause the same scum formation 

There is no marked difference in the fermentation of the various 
carbohydrates and alcohols, the slight variations bemg quantitative, not 
qualitative The only cultural differences are shown m milk and litmus 
whey ]\Iilk containing paratyphoid A is unchanged after standmg for 
five months, while milk containing paratyphoid B bacilli becomes trans- 
parent in two or three weeks Litmus whey contammg para A remains 
constantly red and perfectly clear, litmus whey containing para B soon 
becomes cloudy and continues so , at first it is red, later it is blue 

RESISTANCE OE PARATYPHOID A AND B BACILLI TO TEMPERATURE 

Paratyphoid A bacilli in milk and in bouillon are killed by a tempera- 
ture of 70 C in fifteen mmutes They will live indefinite time, more 
than a year, m milk which was sterile when they were put in it, and 
retam all their vigor, virulence and characteristics In milk and water 
contammg saprophytic organisms, paratyphoid bacilli A and B are 
destroyed m a few weeks After standmg m an absolutely dry ^ar for 
SIX months, the paratyphoid A bacilli were found to be alive and 
unchanged Paratyphoid B withstand higher temperatures than para A 
bacdli B Fischer, also Vagedes found that a temperature of 60 main- 
tained for half an hour did not always kill para B bacilli, and after 
exposure to a temperature of 70 C from ten to twenty-five mmutes and 
75 C for five mmutes, there always remained some living germs Kolle 
states that paratyphoid B bacilli m milk are all killed by a temperature 
of 60 C mamtamed for fifteen mmutes We found, after heatmg six 
different cultures of paratyphoid B to 60 C for half an hour, that foui 
of them had been killed , the two cultures which withstood 60 C for half 
an hour were destroyed by that temperature mamtamed for one hour 

VIRULENCE OE PARATYPHOID A BACILLI 

Paratyphoid A bacilli are much less virulent than para B bacilli , 0 3 
c c of a twenty-four-hour-old bouillon culture injected mto the perito- 
neal cavity of a mouse will kill it m one day In proportion to their 
body weight, guinea-pigs and rabbits are more susceptible than mice 
A 350 gram guinea-pig will die forty-eight hours after receivmg, mtra- 
peritoneally, 0 5 c c of a twenty-four-hour-old bouillon culture of para A 
bacilli Intravenous injections of 0 5 c e of a twenty-four-hour-old 
bouillon culture of para A bacilli kill 1,500 gram rabbits m twenty-four 
hours 
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Animals inoculated with, paratyphoid bacilli show the clinical course 
and post-mortem changes of septicemia, after death pure cultures of the 
bacteria can be isolated from their blood and internal organs 

Mice and guinea-pigs fed for months on nothing but bread and meat, 
grossly mfected with para A bacilli, did not become ill or die, and exami- 
nation of their intestinal contents showed no para A bacilli 

TOXIN ■FORMATION 

Attempts to isolate a toxm formed by para A bacilli were unsuccess- 
ful Bouillon cultures were incubated at 37 for one, three, five, ten, 
twenty and thirty days, then filteied through a Pasteur-Chamberland 
filter and the filtrate injected intraperitoneally and intravenously into 
mice, guinea-pigs and rabbits, the doses ranging from 1 to 10 c c 

Two rabbits which weighed 2,000 giams each received intravenous 
injections of 5 cc of the filtrate, three times in eight days, the only 
symptom they showed was progressive emaciation, and four weeks after 
last injection they died, post mortem the internal organs showed no 
change 

When growing in bouillon paratyphoid A bacilli form a scum on the 
surface We cultivated them over large surfaces of bouillon where there 
was free access of oxygen, also under anaerobic conditions, in different 
degrees of alkalmity, upon the various carbohydrates and different 
serum, but in no case could a toxin be obtained The para A bacilli were 
planted on large agar plates and incubated at 37 C for twenty-four hours, 
at the end of that time some were washed off with sterile water, others 
with normal salt solutions , the fluids were then agitated for twenty-four 
hours at 37 C , after that they were filtered and the filtrate was injected 
into mice, gumea-pigs and rabbits, but produced no ill effect 

In the serums of all these animals, four weeks after moculation, we 
found agglutinins and bacteriolysms, but no antitoxm The serums from 
these animals were refrigerated for three or four weeks, at the end of 
that time they had lost their bacteriolytic power, then the fluid was 
injected mto two groups of animals The flrst group weie injected with 
the serums and, at the same time, inoculated with fresh cultures of para- 
tjTphoid A bacilli, those of the second group were injected with the 
serums only, twenty-four hours later, they were injected with the same 
as the first group Control animals were mjected with nothing but the 
bacteiia They all died m the same way and at the same time 

These experiments show that the paratyphoid A bacilli does not form 
extra-cellular toxms , that toxemia is caused by endotoxins liberated when 
bacilli disintegrate, and our investigations of the other paratyphoid bacilli 
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lead us to believe that the same is true of the paiat 3 plioid B bacilli 
Uhleuliutli®^ has found in filtrates fiom fomteen-dajf-old bouillon cultures 
of para B bacilli toxic substance to mice and guinea-pigs Kutscber and 
Meinike,®^ Coniadi^ Diigalski and Jueigens’^’- ahvais get negative lesults^ 
they have not been able to obtain heat-pioof toxins Eolly®^ and Kutschei^" 
isolated heat-pioof toxins fiom then paratyphoid B bacilli cultures 

The difieient results obtained by the above-mentioned observers seem 
to be due to the differences in the bacteria The toxicity of the par at) - 
phoid B bacilli varies gieatly Aionsohn some time ago obtained typhoid 
toxin (Bberth-Gaftky) bacilli^ which is a stable endotoxin, but which does 
not produce a true antitoxin in animals 

Our experiments and observations are in accord with those of the 
majority of workeis in this field and show that the paratyphoid B bacilli 
are usually less toxic than the Eberth-Gafflcy bacilli, and that paiatyphoid 
A bacilli are ahvays less toxic than either typhoid or paratyphoid B 
bacilli 

AGGLUTINATION 

Between the second and third day of the disease is the earliest time 
agglutination has been obseived, it is positive in 50 per cent of all cases 
of typhoid fever by the eighth day, in 84 per cent by the fifteenth day, 
and 95 per cent by the twenty-second day 

Biion and Kajsei say that the agglutinations are present early and 
through the entire couise of the disease in the great majority of cases 
In exceptional cases the serum never shows this piopeity at any time 
during the illness, therefore a constantly negative result does not exclude 
the diagnosis of typhoid fever 

In mbst cases the highest titei is reached early in convalescence, aftei 
which it graduall)'’ declines Occasionally the highest titer is obseived 
during tbe di'sease, and may rapidly fall oi disappear at any time during 
the illness The patient’s seium may retain the power to agglutinate 
foi months or years after recovery has been complete Lentz®® obseived 
its piesence in a dilution of 1 50 in two women seven and one-half and 

G1 Ulilenliutli Zur Kenntniss dei gastrointestinalen Fleischveigiftungen unci 
del biologischen Eigenscliaften iliier Erreger von Leuthold Gedenksclii , 1906, 
p 71 

62 Kiitscher and Meinike Vergleichende IJntei sucliengen uber Paratypliusbak 
terien nnd ihre inimunizatoi isclien Bezichungen Ztschr f Hyg u Infections 
krankh , 1906, p 301 

63 Roily Uebei eine Massenveigiftungs Epidemie mit Bohnengemuse 

jMunclien med Wclinscbr , 1906, p 1798 ' 

65 Lentz Iniinunitit bei Typus In Ivolle and Wasseimann’s Handbucli dei 
patliogenen jSIicio Organisinen, iv, 849 
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eleven years after recovei}'^ from t 3 ’plioi(i fever In tj’^plroid fever tire trter 
of tire patrent’s serimr rs rrsnally between 1 40 and 1 300 , rt may go rrp 
to 1 1,000 or 1 2,000 Eoerster^® and Juergens®^ have seen trters of from 
1 5,000 to 1 50,000, but tlrerr observatrons vere made mrcroscoprcally 
wrth a high power oil rmmersron lens 

The fact that the sermrr of normal healthy people who have never 
been rll occasronally agglutrnate bacterra, and more rmportant, that the 
serum of one suffering with tjphoid fever occasionally Iras m addrtron to 
rts power of agglutrnating the Eberth-Gaffky bacrllus an equallj^ strong or 
stronger power to agglutinate other bacilli, lessens the value of this test 
as a means of diagnosis and has excited much controversy concerning the 
specific nature of this test The serum of a patient affected with any of 
the organisms belonging to the typhoid coir group, Eberth-Gaffky bacil- 
lus, parat 3 ^phoid A and B, Bacillus ‘psittacosis. Bacillus entei itidis 
(Gartner), hog-cholera bacillus, tire various bacilli which cause meat- 
poisonings, paracolon bacillus and Bacillus coli communis, may show the 
phenomena of group agglutination Thus the serum of the patient ill as 
a result of meat-poisoning, not infected with typhoid bacilli, may agglu- 
tinate the bacillus responsible for the disease, and at the same time have 
the power to agglutinate t 3 plioid bacilli m a lesser, equal or greater 
degree This has been observed by Huehneimann, Conradi, Drigalski, 
Juergens and many others, Zupnik°® maintains that agglutination is only 
a group reaction and of no value in distinguishing the different members 
of the group Lentz, Diigalski and Eiscber believe that this double 
agglutination is such a rare occurrence that it does not impair the value 
of the agglutination test in making a diagnosis 

Castellanff'* described a method b 3 ^ which the organism causing a dis- 
ease could be identified when the patient’s serum showed group agglutina- 
tion and agglutinated two oi more bacteria Accordmg to Ins theory 
serums which possess the property of group agglutmation contain a prin- 
cipal and auxiliary agglutinins The principal agglutinin is the one 
formed by the organism causing the disease and is identified by its 
superior power of agglutmation over the auxiliary agglutinins This 

66 Foerster, 0 Quantitatne Untersuclmngen uber die agglutm irende undbak- 
tencide Wiikung des Blutserums a on Typluiskranken und Eeconvalescenten 
Ztscbi f Hj^g u Infectionskrankh , 1897, Ko 3 

67 Juergens, G Beobaclitungen uber die Widal’scbe Beaction und die Mitag- 
glutination der Typbusbacillen Ztsclii f Hyg u Infectionskrankh , 1903, p 372 

68 Zupnik, L Uebei Gattungs specifiscbe Immunitatsreactionen Ztscbr f 
ITyg u Infectionskrankh , 1904, p 447 

69 Castellani, A Die Agglutination bei gemiscliter Infection und die Diag- 
nose der letrteren Ztscbr f Ilvg u Infectionskrankh , 1902, pi ” 



290 


PARATYPHOID A AND PARATYPHOID B 


theory has been pioved wrong by a great mass of evidence produced by 
many experimenters, consequently the test is valueless 

Castellani’s method is to take a serum which agglutinates two differ- 
ent bacteria, add to it one of the bacteria until its power to agglutinate 
that orgamsm is exhausted, then by centrifugation separate the agglu- 
tmated bacilli from the seium, add the other bacteria until the titer is 
exhausted The organism for which the seium possesses the greatest 
power of agglutination is the causing organism Castellam failed to dis- 
cover the all-impoitant fact that when 3 ^ou extract from a group agglu- 
tination serum the power to agglutinate one bacillus, you thereby increase 
its power to agglutinate the other 

Authorities disagree aa to the lowest dilution of a patient’s serum 
which IS of value in making an agglutmation test for the diagnosis of 
typhoid fevers, Widal says 1 10, Ziemke 1 20, Stern and Kolle 1 30, 
Gruenbaum 1 32, Skowler and ffoerster 1 40, Fraenkel and Kohler 1 50, 
Bruns and Kayser 1 75 

Kassel and Mann have shown that occasionally the sera of patients 
ill with croupous pneumonia will agglutmate typhoid bacilli m a dilution 
of 1 40 Van Ordt has found that the serum of a patient with suppura- 
tive meningitis will do the same thing Many mvestigators state that 
the serums of most patients suffering with jaundice will agglutinate 
typhoid bacilli Eckhardf^® has observed this in a dilution of 1 100 
Gruenhaum'^^ and Koehler 1 40 

A study of many thousand cases of typhoid fever, for each of which 
an agglutmation with the patient’s serum was made, shows that a diag- 
nosis of typhoid fever by an agglutmation test made with the patient’s 
serum will be correct in 60 per cent of all cases In 40 per cent 
agglutination tests made with the patient’s serum will not lead to the 
correct diagnosis This is true for all the diseases caused by members of 
the typhoid group 

Since it IS important to have an absolutely reliable method of makmg 
an early diagnosis of typhoid fever, it is most desirable that we use an 
improved technic that eliminates the probability of error from the results 
of agglutination tests Many hundred agglutination and group agglutina- 
tion tests made by titrating the serum of highly immunized animals 

70 Eckhart Widal’sche Serum Reaction bei Weil’scher Krankheit Munclien 
med Wchnschr , 1902, No 27 

71 Grunbanm, M S Ueber den Gebrauch der agglutinirenden Wirkungen von 
menschlicben Serum fur die Diagnose des Abdominal-Typbus Munchen med 
Wchnscbr , 1897, No 13, p 330 

72 Koebler, E Das Agglutinationsphanomen, Kliniscbe u Experimentelle 

Studien Klinisches Jalirbucb, 1901, viii, 39 i 
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against the bacilli taken from the patient’s blood and observmg the result 
macroscopically and with only low-power microscope, show this to he the 
method which meets all requirements 

HIGH AGGLUTINATION SERUMS 

Zupnik’s®® statement that agglutination of laboratory cultures of 
baciUi with patient’s serum is only a group reaction, does not apply to 
the agglutination of bacilli taken from a patient and agglutmated with 
the serum of a highly immunized animal The serum of highly immun- 
ized animals may show the phenomena of group agglutmation, but when 
this IS present it is so weak that it never makes the result doubtful, the 
highest group agglutination, in proportion to the prmcipal agglutinin, 
was observed and recorded by Juergens, in low titer serums, and the 
group agglutination was only for the two nearest relations m the typhoid 
coll group He observed a typhoid serum with a titer of 1 500 foi 
typhoid bacilli which agglutinated paratyphoid bacilli in a dilution of 
1 200, and a parati'phoid seium with a titer of 1 400 for paratyphoid 
bacilli which agglutinated typhoid bacilli in a dilution of 1 200 , even in 
these extraordinary cases the difEerence is so great that error need not be 
made The serum of animals which have been highly immunized will 
agglutmate the bacillus with which the immunity was produced in a 
dilution of from 1 500 to 1 50,000 The higher the dilution which will 
agglutinate the bacillus producmg the immunity, the lower m proportion 
the power of group agglutmation 

When the same technic is used and all precautions taken to obtain 
uniform results in liighly immunizing animals agamst typhoid disease, 
there will still be variations in the power of the serums of the different 
animals to agglutinate cultures of the bacillus with which the immunity 
was produced Thus we take a pure culture of Eberth-Gaffky bacilli, 
immunize with it twelve gumea-pigs having the same weight , the highest 
dilutions m which the serums of these pigs will agglutmate the cultures 
of Eberth-Gaffky bacilli used to produce the immunily are as follows 
One 1 800, one 1 2,000, one 1 5,000, two 1 20,000, three 1 30,000, two 
1 40,000, one 1 50,000 and one 1 60,000 These variations are due to 
differences m the animals, and do not result from faulty technic; nor are 
some of them weaker than others, because the power of agglutmation is 
unstable and partly lost after removal from the annual body, as Hetsch 
believes 

After an animal has been immunized its serum should be titrated 
agamst the culture with which the immumty was produced, several tunes 
daily on three or four consecutive days to establish the limit of its titer. 
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Only serums that show a titer of 1 10^000 oi higher should be used, 
because only with serums possessing such high power of agglutination can 
a differential diagnosis be made between the numerous membeis of 
t 3 ^phoid-coli group Eoi the result of an agglutination test to be acceptable 
as absolutely diagnostic the bacilli taken from the patient must be 
agglutinated by the animal serum in nearly as high a dilution as the 
bacilli used in immunizing the animal The fact that such a test can be 
substituted for Pfeiffer s bacteiiolj'tic test, giving reliable results and 
being less difficult to perform and requiring less time, gieatly enhances 
the value of an agglutination test made uitli the seiiim of a stiongly 
immunized animal 

When a test is made with baeteiia taken diiectly fioni the patient’s 
blood and the lesult is negative, that is not pi oof that the patient has 
not the disease In such a case it is necessaiy to take some bacilli fiom 
the blood, incubate them at 37 C on artificial culture media for thiee 
daj'^s and titrate the animal serum against them, because ceitain condi- 
tions of the human body cause variations in the bacilli which makes then 
agglutination moie difficult or impossible, and when the bacilli are 
replanted in artificial culture media and incubated for several days they 
regain then normal properties and are unifoimly agglutmable Vnulent 
cultures are haidei to agglutinate than aviriilent cultuies, very motile 
bacilli aie more difficult to agglutinate than slightl) motile bacilli, when 
typhoid bacilli are growing in a temperature of 42 C they cannot be 
agglutinated, but if the temperature is reduced to 37 C after several 
days the}'^ are again agglutmable, occasionally, of a number of t 3 'phoid 
bacilli taken from one individual, some will be difficult to agglutinate 
and others will be easy to agglutinate 

AGGLUTIiSrATION TEST TECHNIC 

The serum used in malang these tests was obtained fiom rabbits that 
had been immunized with cultures of t 3 '^phoid (Ebeith-Gaffln'^), paiat 3 ’’- 
phoid B (Sehotmueller), and parat 3 'phoid A (“Pgh”) bacilli Immuni- 
zation was produced b 3 ’’ intravenous injections of bacilli that had been 
killed by exposure to a temperature of 60 C The first injection was 0 5 c c 
of a twentj'^-f our-hour-old bouillon culture , seven days latei an eighteen- 
houi agar culture was washed with 5 c c of normal salt solution and 1 
cc of that solution was injected, similar injections were given on the 
fourteenth and twentj^-first daj'^s, and five weeks aftei the first injection 
had been given the titei of each serum vas estimated and onlj^ those 
serums which showed a titei limit of 1 40,000 were used 
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Kutschei and Meimke'^^ have obseived that imimmization small 
amounts of living bacilli, as piacticed bj^ Friedberger, does not develop 
a strong power of agglutination in the seiuni After using both methods 
extensively we believe the best results aie obtained by producing immunity 
with injections of large numbers of dead bacteria Each serum, on three 
consecutive days, was titrated against its own bacillus , at the same tune 
tests Aveie made ivith normal labbits^ serums against the different ciiltnies, 
in dilutions from 1 10 to 1 100 

The agglutination tests ivere made by Proeschei^s”'* method, ivhich is 
as follows Twelve test-tubes, each containing 1 c c of sterile normal salt 
solution, are put in a roiv To the hist is added 1 c c of a 1 10 dilution 
of the serum, the tube is then shaken so as to mix its contents thor- 
oughly Tube No 1 now contains 2 c c of a 1 20 dilution of the serum, 
1 c c of the contents of No 1 are transferred to No 2, after which No 1 
contains 1 cc of a 1 20 dilution of seiiini, and No 2 contains 2 cc of 
a 1 40 dilution One c c of the contents of No 2 are then transferred to 
No 3, this transfer is continued to the eleventh tube, the 1 c c removed 
from No 11 is discarded No serum is put in No 12, it is used as a 
control Noav there is 1 e c of fluid in each of the twelve tubes Prom 
the first to the eleventh, inclusive, they contain increasingly higher dilu- 
tions of the serum as follows 1 20, 1 40, 1 80, 1 160, 1 640, 1 1,280, 

1 2,560, 1 5,120, 1 10,240, and 1 20,480 The twelfth tube contains 1 c c 
of sterile normal salt solution 

The next step is to add 1 c c of an emulsion of the bacilli to each 
tube, noAV every tube contains 2 cc of fluid and the dilution of the 
serum in each tube has been doubled, so that the first tube noiv contains 

2 c c of a 1 40 dilution of serum plus the bacilli, and the eleventh tube 
2 c c of a 1 40,960 dilution plus bacilli The twelfth tube (control) 
contains 2 c c of an emulsion of bacilli in normal salt solution 

The contents of the twelve tubes aie emptied into twelve square glass 
dishes, these dishes are piled one upon the other and the top one cov- 
ered with a piece of glass They are then incubated at 37 C foi six hours, 
at the end of that time they are removed fioni the incubator and 
examined 


73 Kutscliei and !Meinike Vei gleichende Untei snchungen ubei Paratjplins, 
Enteiitis imd Mauset-v plmsbaktei len und ilire immunizatoi iscben Be/iebimgen 
Ztsclir f Iljg Infectionskrankb 1906, p 301 

74 Proescber, P Zui Anstellung dei W idal’scben Reaction Centi.41bl f 
Bakteriol , xx\i, 400 

*The emulsion of the bacilli used for tins purpose is obtained in tlie follow- 
ing wa^ A si\teen-bour-old agai cnltuie of the bacteria is u ashed uitli 10 c c 
of 1101 inal salt solution The salt solution is then shaken until the bacteria are 
tlioroiigbh distributed tbroiigli it and do not sliou am collection in groups ulien 
examined microscopicalh 
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Beguming with the twelfth they are examined in order to the first 
They are inspected maeroscopically, then microscopically, with a low 
power lens and with the reflector of the microscope so arranged as to 
give the gieatest amount of diffusion to the rays of light In the lowest 
dilution large irregular clumps are observed, the highei the dilution the 
smaller and less compact are the clumps 

B}’’ this method, after some experience and observance of controls, the 
agglutmation can be observed to the limit of the titer Errors fiom 
pseudo-agglutination are precluded, and the variation between the results 
of repeated experiments aie very much less than by any other method, 
which proves this the most exact and reliable method 

It IS the consensus of opinion of investigators that observation of 
agglutination with an oil-immersion lens is uncertain and often mis- 
leading, that the most reliable observations are those made microscopic- 
ally, or with a low-power lens, and that the latter method should be used, 
especially when comparison is desirable Comparison of the results of 
different experiments can be of value only when the same technic has 
been used for all 

For comparative investigations it is impoitant to Imow that the same 
bacillus grown on different agars varies in its susceptibility to agglutina- 
tion We often find in preliminary tests the controls spontaneously 
agglutinated We made several different lots of agar on different days 
and planted paratyphoid bacilli on each Later the agglutination of the 
bacteria from each of the agars was tried and the agar from which the 
bacilli were taken that gave the best results was employed exclusively 
for the growth of all bacteria used in making agglutmation tests 

Why different agars vary in their effects on bacilli is not known 
Kutscher and Memike believe that this phenomenon is due to differences 
m alkalinity We experimented with agars of different degrees of alka- 
linity, and whether the alkalinity was strong or slight made no difference 
in the effect upon the bacteria It is probable that the meat and peptone 
are responsible for the lack of uniformity Different lots of agar made 
with the same meat and with different samples of peptone gave different 
results, other lots of agar made with the same meat and same peptone 
gave uniform results 

AGGLUTINATION OF PAEA A CULTURES, PITTSBURGH 

The serum used to agglutinate the para A, culture Pgh , was obtained 
from a rabbit which had been highly immunized with para A hTo 65, 
Pgh , this had a titer of 1 50,000 (See Table 6 ) 

It will be seen that the majority of the Pgh cultures (39) were agglu- 
tinated to the titer limit by one Pgh serum, 8 were agglutinated to 
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TABLE C — BARA A CULTURES PITTSBURGII, AGGLUTINATED WITH PARA A SERUM SCIIOTTMUELLER (CASE BARG) 

(Tltei 1 60,000 ) 

Cviltuic Dilulion 

No 40 80 100 320 C40 1280 2560 5120 10240 20480 40960 
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1 20,480, onl}' one culture was observed that could not be agglutinated 
m a liighei dilution than 1 5,120 The results of these tests show that 
all the para A Pgh cultures are identical with one another 

That all the cultures were not unifoimly agglutinated to the titer 
limit was piobably due to the different stiuctures of the agglutina- 
tion receptors, as the receptors vary in many cases 

The para A Pgh cultures were also agglutinated with para A Schott- 
mueller serum, which had a titer limit of 1 50,000, to prove that the 
para A Pgh bacillus is identical with para A Schottmueller The serum 
used for these tests was obtained from rabbits which had been immunized 
from cultures isolated from patients Barg and Mueller by Schottmueller 
The serum agglutinated both cultures (Bar^ and Mueller) in a dilu- 
tion of 1 50,000 (See Table 6 ) 

The figures in Table 6 show that para A bacillus Pgh and para A 
Schottmueller are one and the same 

To determine the power of group agglutmation, the para A Pgh cul- 
tures were agglutmated with para B serum, which possessed a titer limit 
of 1 50,000 (See Table 7 ) This serum was obtamed from rabbits which 
had been immunized with a culture from Schottmueller para B, case of 
Thot 

The greater number of paratyphoid A bacilli are not affected at all 
by paratyphoid B serum , only three of our cultures were agglutinated by 
it in a dilution of 1 160 The others were agglutinated in dilutions 
between 1 20 and 1 80 Group agglutination paratyphoid B serum is 
very low 

Group agglutination tests were also made with typhoid (Eberth- 
Gaffky) serum, which had a titer of 1 50,000 for its own bacilli (See 
Table 8 ) The lesults of these tests with para B serum were that Eos 
9, 10, 20, 32, 52, 53, 57, 60, 65, 75, 80, 92, 106, 119, 124, 133 and 161 
were not affected at all, the highest group agglutination was shown by 
cultuie 4, which was slightly agglutinated in a dilution of 1 2,560, an 
unusually high group agglutmation 

The experiments were repeated a number of times to exclude erroi and 
gave always the same result Culture 14 was agglutinated in a dilution 
of 1 1,200 and 164 in a 1 640 dilution Group agglutination m 1 320 
vas shown by Eos 62, 73, 79, 156 

Cultures 13, 16, 33, 113, 145, 163 were agglutinated in a dilution of 
1 60 Eos 35, 72, 81, 88, 153 agglutmated m a dilution of 1 80 

Eos 5, 27, 29, 39, 46, 61, 83, 94, 101, 102 agglutmated m a dilution 
of 1 40, and 1 20 was the highest dilution that would affect Cultures 69, 
96 and 97 
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TABLE 8— PARA A CULTURES PITTSBURGH, AGGLUTINATED WITH TYPHOID 
SERUM (BACILLUS EBERTH-GAEFKY) 


(Titei 1 50,000 ) 

Culture Dilution 


No 

20 

40 

so 

160 

320 

640 

1280 

2560 

5120 
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300 PARATYPHOID A AND PARATYPHOID B 

AGGLUTIlsrATION TESTS WITH CULTURES EROjM PREVIOUSLY REPORTED 

CASES t 

Seium fiom labbits which had been inoculated with paratyphoid A 
Pittsbiiigh bacilli and possessed the power of agglutinating the Pitts- 
buigh bacilli in a dilution of 1 40,960, agglutinated cultuies from one 
of Sehottmiiellei’s eases (that of Barg), Brion and Kayser’s, one of 
Johnston’s cases (that of Milefslcy), one of Allen’s cases (Samuel), 
Longcope and Longcope 3026 in the same dilution The paiatyphoid A 
cultuies obtained fioin Longcope and Longcope 2026 were taken from 
two of his cases which have not been lepoited This serum in a dilution 
of 1 20,480 agglutinated bacilli fiom one of Schottmueller’s eases (that 
of Mueller), Coleman and Buxton’s, Cushing’s 0, Hewlett’s, Cwyn’s 
(that of Euster), one of Allen’s cases and one of Johnston’s cases (that 
of Badach) 

Group agglutinations with the following cultures of parat3'phoid B 
was caused by the Pittsburgh A serum Achard and Bensaude’s culture 
W, 1 320, Widal and Hobecourt, 1 160, Eosenau, 1 320, one of Schott- 
mueller’s eases (Thot), 1 320, Longcope B, 1 80, Philadelphia B, 1 80, 
Elexner B was not affected The Bacillus ententidis (Gartner) 1 160, 
bacillus of hog cholera, bacillus Hume and bacillus Strong weie not 
affected 

A paratyphoid A serum with a titer limit of 1 40,960 was piepared, 
using bacilli from one of Schottmueller’s cases (that of Barg) , both of 
Schottmuellei’s cases (Barg and Mueller), Longcope and Longcope 2026 
were agglutinated to the titer limit, 1 40,960 , cultures from Allen’s cases 
(Euster and Samuels), Cushing 0, Brion and Kayser’s case, Johnston’s 
cases (Badach and Milefsky), Hewlett’s Case 7 and Gwjm’s case weie all 
agglutinated in a dilution of 1 20,480, culture from Coleman and 
Buxton’s case was agglutinated in a dilution of 1 10,240 

This serum caused group agglutination of paratyphoid B cultuies, 
Achard and Bensaude’s cultures B 1 320, and W, 1 320, Widal and 
Hobecourt 1 40, Eosenau B 1 40, Philadelphia B 1 40 ( ^), Longcope 
1 160, Schottmueller’s case (Thot) 1 320, and Elexner 1 640 Bacillus hog 
cholera, bacillus Hume and bacillus Stiong showed negative results, 
Bacillus enteiitidis (Gartner) was agglutinated in a dilution of 1 320 

Paratyphoid B Schottmueller serum, with a titer of 1 40,960, had 
the following group agglutination effect on para A culture Schott- 
mueller’s cases (those of Barg and Mueller) , Biion and Kayser’s ease, 
Coleman and Buxton’s, Cushing 0, one of Johnston’s cases (that of 


TSee Tables 9, 10, 11, 12 
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TABLE 11— OUTSIDE CULTURES PARA A AND B AGGLUTINATED WITH SERUM PARA B (SCHOTTMUBLLER 
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Milefsk}), Allen’s cases (those of Euster and Samnels), Hewlett’s Case 
7, Longcope 2026, Longcope and Gw 3 ti all showed negative results 

The paratj'phoid B cultures were strongly agglutinated h}'' the same 
semm as used for the tests with A cultures , one of Schottmueller’s cases 
(that of Thot) in a dilution of 1 40,960, Eosenau 40,960, Achard and 
Bensaude’s B 1 20,480, Flexner B 1 20,480, Longcope B 1 5,120, Phil- 
adelphia B 1 5^20, Achaid and Bensaude’s W 1 10,240, and Widal and 
jSFobecourt 1 10,240, hacillus hog cholera, 1 2,560, Bacillus enteritidis 
(Gartner), 1 320, bacillus Hume and bacillus Strong, negative 

Typhoid (Eberth-Gaffky) serum with 1 50,000 titer limit was titiated 
against all the paratj'phoid A and B bacdli obtamed from other labora- 
tories As will appear, none of these group agglutmations were high 
enough to cause any doubt as to the identitj^ of the organisms Cushing 

0 gave negative results, one of Johnston's cases (that of Milefsky) was 
agglutinated in a dilution of 1 20, Johnston’s other case (that of 
Badach), in 1 160, one of Schottmueller’s cases (that of Barg), in 

1 140, Schottmueller s other case (that of MueUer), m 1 180, Longcope 
2026, in 1 160, Hewlett’s Case 7 m 1 160, Brion and Kayser’s in 1 330, 
Coleman and Buxton’s, in 1 320 , one of Allen’s cases (that of Euster) , 
in 1 640, and Allen’s other case (that of Samuel), was negative All the 
above cases were para A 

Paratyphoid B cultures weie agglutmated, Achard and Bensaude's W, 
in 1 640, Achard and Bensaude’s B in 1 320, one of Schottmueller’s 
ca^es (that of Thot), in 1 160, Widal and Hobecourt’s, in 1 80 , 

Longcope B, in 1 40, Eosenau B, m 1 40, Elexner was negative and 
Philadelphia B negative 

BACTERIOLYTIC EXPERIALEXTS IX VIVO AXD IX VITRO 

PfeiffePs"® test is based on the fact that animals, immunized with 
cholera bacilli or bacilli of the tiphoid coli group, will dissolve the same 
bacillus as that with which the immunity was produced, when it is 
injected into the animal's abdominal cavit}" 

Later Pfeiffer and j\Ietchnikoff*° showed that this bacteriolytic 
phenomenon can be observed in a test-tube, by using fresh serum or 
abdommal fluid Other mvestigators then tried to woik out a simplifled 
method of perfonning the test based on the flndmgs of Pfeiffer and 

75 Pfeiffer E Die Differentialdiagnose der Vibnonen der Choleia asiatiea 
mit Hulfe der Immunisirung Ztsclir f Hyg u Infectionskrankli , 1895, p 73 
70 ^retclmikoff, E Etudes sur 1 immunite, sratme mCmoire sur la destruc- 
tion extracellulaire dcs bactgnes dans 1 organisme Ann de I’Inst Pasteur 1805, 
i\ 433 
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TABLE 13 — ONE HUNDKED AND FORTY-EIGHT BACTERIOLYTIC TESTS MADE 
WITH THE 65 CULTURES OP PARATYPHOID A BACILLI PITTS- 
BURGH, AND PARATYPHOID A PITTSBURGH SERUM 



Inactivated Scrum 





of Rabbit, 

Noimal 

Number of 

Bacilli 

Immunized with 

Babbit Seium 

Colonies on Plates 

Dilution 

Para A, Pittsburgh 

as Complement 

After 24 

Hours 


c c 

c c 




04 

03 


00 


0 1 

0 3 


00 


0 08 

03 


00 

1 ’ 

0 06 

03 

about 

1000 

. c c of a 1 5000 

0 04 

0 3 

about 

100 

Dilution of a 24 

0 02 

0 3 

about 

100 

hour old Bouillon 

0 01 

03 

about 

50 

Culture 

0 008 

03 


0 

0 006 

03 


0 


0 004 

0 3 


100 


0 002 

03 

many 

100 


0 001 

0 3 

many 

1000 


TABLE 14 —THIRTY SIN BACTERIOLYTIC TESTS MADE WITH THE 12 
CULTURES OP GWYN, HEWLETT, SCHOTTMUELLER, CUSHING, JOHNSTON, 
BRION, ROLLY, ALLEN, KAYSER, PLUS PARATYPHOID A, PGH SERUM 


Inactivated Serum 



of Rabbit, 

Noimal 

Number of 


Immunized iiith 

Rabbit Serum 

Colonies on Plates 

Bacilli 

Para A, Pittsburgh 

as Complement 

After 24 Hours 


c c 

c c 



04 

03 

CO 


0 1 

03 

1 00 


0 08 

03 

CO 


0 06 

03 

about 1000 

1 c c of a 1 5000 

0 04 

03 

about 100 

Dilution of a 24 

0 02 

03 

about 50 

hour old Bouillon 

0 01 

03 

0 

Culture 

0 008 

0 3 

0 


0 006 

03 

0 


0 004 

0 3 

0 


0 002 

03 

100 


0 001 

03 

1000 


TABLE 15 —ONE HUNDRED AND EIGHTY BACTERIOLYTIC TESTS MADE WITH 
THE CULTURES NAMED IN TABLES 13 AND 14, PLUS PARA- 



TYPHOID 

B SERUM 



Inactivated Serum 




of Rabbit, 

Normal 

Number of 


Immunized with 

Rabbit Serum 

Colonies on Plates 

Bacilli 

Para A, Pittsburgh 

as Complement 

After 24 Hours 


c c 

c c 



04 

03 

00 


0 1 

03 

00 


0 08 

0 3 

00 


0 06 

0 3 

00 

1 c c of a 1 5000 

0 04 

0 3 

00 

Dilution of a 24 

0 02 

0 3 

00 

hour old Bouillon 

0 01 

0 3 

00 

Culture 

0 008 

0 3 

00 


0 006 

0 3 

00 


0 004 

0 3 

00 


0 002 

0 3 

00 


0 001 

0 3 

00 


COI.TROLS 


Bacilli 1 5000 

0 

0 

00 

Bacilli 1 5000 

0 5 

0 

00 

Bacilli 1 5000 

0 

0 

1 

0 5 

0 

00 

0 

0 

0 

1 

0 
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Metehiiikoff iN'eisser and "Weclisberg" described a practical metbod by 
wbicb a fairly accurate quantitative estimation can be made Into tubes 
containing different quantities of serum are put tbe same amount of 
culture and fresb complement serum, tbe tubes are then incubated at 
37 C for two hours , at tbe end of that time a portion of tbe contents of 
eacb tube is agar-plated and a direct count made of tbe living germs 

At tbe present time it is tbe consensus of opinion that wbile tbe 
bacteriolytic test in vivo is moie difficult to perform tban tbe bacteiio- 
l}d:ic test in vitro, tbe former is more accurate and reliable tban tbe 
latter 

Both bacteriolytic tests m vivo and in viti o have been extensively used 
for tbe identification of tbe different members of tbe typboid-coli group 
Stern and Korte'® and others have found tbe sera of typhoid and para- 
tjqiboid patients possess bacteriolytic properties Tbe investigations of 
Stern and Korte show that tbe bacteriolytic tests aie more accurate and 
constant and finei tban tbe agglutmation tests for tbe identification of 
tbe different members of tbe typbo id-colon group 

Toepfei and Jaffe'° proved tbe correctness of Steiffis and Korte^s 
commumcations, and found that nearly aU tbe seiums of human bemgs 
and annuals which had been infected with typhoid bacilli show a bac- 
teiiolytic effect on typhoid bacilli in vitro Tbe strongest bacteiioljtic 
effect was produced by serums from people suffering with typhoid fever , 
tbe serums of convalescents and artificially immumzed persons possessed 
tbe power in a lesser degree After recovery from typhoid fevei tbe 
serum rapidly loses its bacteiioljtic power Tbe bacteriolytic properties 
of tj'^pboid patients’ serums are specified for tbe Eberth-Gaffky bacillus 
and have no effect on paral^'pboid A, parat 3 ’pboid B colon, or any other 
bacilli Tbe seiums of three patients Avho showed unmistakable climcal 
signs of t}q)boid fevei did not possess bactenolj-tic power Korte states 
that tbe blood of typhoid fever patients possesses bacteriolytic power in 
tbe first week of tbe disease Korte and Sternberg®® found that tbe 
seiums fiom tbe bodies of those who died of tbe disease still possessed 
bactenoljtic power after death 

Toepfei and Jaffe could never find the bacteriol} tie properties as 
stiong as Sternberg and Korte could They could never find sterile 

77 Xeisser, , nnd Weclisberg, F Ueber die Wirkungsart baktericider Sera 
Munclien mod Wcbnsclir , 1901 Xo 18 

78 Stern, R , and Korte, W Ueber den Xacbweis der bakteririden Reaction 
ini Blutserum der TTplius-Kranken Berl klin Wcbnscbr , 1904, Xo 9, p 213 

79 Toepter and Jaffe Unter-ucbungen uber die Bezielmngen \on Baktericidie 
tn tiiio und im Tliienersucb an Typbus iind ParatTpliusbacillen mit verscbiedenen 
specitiscben Serumprobcn Ztsclir f Hvg u Infectionskrankli 1900 p 383 

SO Korte W, and Sternberg Weitere Untersucbungen uber die Bakterizide 
des Bliitseniins der TTpbiis Kranken Dciitsch .irch f klin !Med , 1905, p 321 
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plates, even when they expeiimented with the highest concentrated serums, 
making the agai plates after incubating the seiums and bacteiia at 37 C 
for three hours, but when the mcubation was continued foi twenty-foui 
houis the serum in a dilution of 1 100 showed sterile plates For the 
complete action of the hacteiiolytic power more than three hours’ time 
IS required Toepfer and Jaffe, also Laubenheimer,®^ could not find as 
Hahn did, bacteiiol 3 dic piopeities m the seiums of people who never had 
typhoid fevei 

Toepfei and Kolle could not find the bacteiiolytic action of para- 
ti’phoid B serum on paratyphoid B bacilli m viti o, but they did observe 
it in VIVO Heisser has shown that the bacter]ol 3 i;ie test m vitio may 
be negative, when hy the same serum,, in vivo, it is strongl 3 positive 



Fig 1 — Stab cultures in gelatin, twelve days old, showing no difference A, 
paratyphoid A bacilli, B, paratyphoid B bacilli, C, typhoid bacilli, D, BacilU 
coh commums 


If the negative results of bacteriolytic tests m vvtio can be used to 
show a biological difference between Eberth-Gaffky and paratyphoid B 
bacilli, as stated by Toepfer and Jaffe, is veiy questionable 

Laubenheimer found the serum of paratyphoid B patients m vitio 
strongly bacteriolytic , in one case he found, in a dilution of 1 51 200, all 
the bacilli dissolved It is probable that there is a difference between 
bacteriolytic action in viti o and in vivo The bacteriolytic action of the 
serum is the same in both, but perhaps in the living body the tissue cells 
also play a part in bacterial dissolution 

81 Laubenheimer, K Ueber die diagnostische Bedeutung dei bakteiiciden 
Eigenschaften des Blutserums Typhuski ankei Ztsehr f klin Med, Berl , 1905, 
p 170 
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The PfeifPer experiment m vivo when properly perfoimed is less 
liable to erioi, gives results in much higher dilutions, and is moie exact 
for the titiation of the bacteiiolytic power than the test-tube experiment 
The bacterioljdic experiments give specific results, and therefore are 
more accuiate than agglutination tests foi the identification of bacterio- 
lytic qualities, but for many leasons the bacteiiolytic test is secondary 


A B 



Fig 2 — Dngalski agar plates, twenty-four hours old, shoeing no marked dif- 
feicnce A, paratyphoid A bacilli, B, paratyphoid B bacilli, C, typhoid bacilli, 
D liaciUi coh coinmjiiiis 


in importance to the agglutination test as a means of identif3mg the 
different members of the t3q)hoid-coli group 

Bacteriolytic experiments are more difficult to perform, are much 
11101 e expensive require more tune, labor and apparatus 

Eurtlier^ individual difi!erences in animals make necessary the repeti- 
tion of the test four or five times, ver} much depends on choosing a good 



310 


PARATYPHOID A AHD PARATYPHOID B 


culture;, cultures difficult to effect lead to false conclusions so the 
agglutination test with strongly immunized animal serum is the diag- 
nostic test of election 


BACTERIOLYTIC EXPERIMENTS 

For oul bacteriolytic experiments we use the method of hTeissei and 
Wechsberg The serums used are taken from rabbits which have been 
injected with dead, and later with living bacilli, such serums possess the 
property of bacteriolysis in a high degiee When the immunization of 
these rabbits is completed, some blood is taken from their ears and the 
bacteriolytic power is tested , if the test shows that the serum is strongly 
bacteriolytic, then under strict aseptic precautions the animals are bled 
from the carotid arteries into glasses This serum will keep if sterile, 
without the addition of anything, or may be preserved by the addition of 
6 per cent phenol, which has no influence on its bacteriolytic powei 



Fig 3 — Agglutination plienomenon, oculai 4, objective 1 (Leitz) A, 
strongest agglutination, B, midway between A and C, C, agglutination at titei 
limit 


When the fresh serum is used it must be heated to 56 C for half an 
hour to destroy the complement, because the quantity of complement is 
unknown, and the presence of too little or too much complement will 
disturb the experiment Serum that has been preserved for a long time 
with 5 per cent phenol need not be heated before usmg, as the complement 
has been destroyed by the phenol The destruction of the complement by 
heat or preservative leaves an immumfacient, thermostabile, bacteriolytic 
amboceptor, which must be reactivated The complementation is obtained 
by adding the serum of a normal animal, the same kind of animal as the 
immunized serum was obtained from This serum should be drawn off 
the clot after the ammal’s blood has been allowed to stand in a refriger- 
ator for twenty-four hours The normal serum used as a complement 
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must show only slight bacteriolytic power , after estimation of the comple- 
ment-amount the tests are made 

A number of sterile test-tubes of 10 c c capacity are placed in a low, 
we put into them inactivated immune serum as follows 05 cc, 04cc, 
0 3 c c , 0 2 c c , etc , to the limit of the bacteriolytic power , an equal 
amount of complement, for example, 0 3 c c , is added Now 1 c c of 
bouillon containing the bacteiia^- is put in each tube, finally, a quantity 
of plain bouillon, sufficient to bring the bulk up to 0 3 c c , is added to 
each tube, the tubes are shaken to thoroughly mix their contents, after 
which they are incubated at 37 C for three hours, which is sufficient for 
the optimum action of the bacteriolytic bodies 

When the tubes are taken from the incubator, 0 3 c c of the contents 
of each tube is removed with a pipette and mixed with fluid agar at 50 C , 
the agar is plated, and when the plates have solidified they are turned 
upside down, and in this position placed in an incubator at 37 C Pipettes 
of equal caliber are used in removing the fluid from the different tubes 
The agar plates are put in the incubator upside down so that the water 
of condensation will not fall on the surface of the agar 

The plates are allowed to remam in the incubator foi twenty-four 
hours , at the end of that time they are removed and the colonies counted , 
foi this pupose WolfhuegePs counting apparatus may be used, macro- 
scopic inspection is sufficient to make the estimation We estimate the 
number of colonies according to Neisser’s method “No growth,” “about 
a hundred” colonies, “some hundreds,^^ “about a thousand,” “some 
thousands,” “many thousands,” and “uncountable ” Great variations in 
the number of colonies counted on the plates designate differences in 
bacteriolytic power The control plates made from tubes which con- 
tained no immune serum should show equal amounts of growth and 
present an uncountable number of colonies 

If the serum is strongly bacteriolytic, sterile plates containing very 
few germs will be found Control plates, made from tubes containing 
only immune serum and complement, should be sterile 

In performmg these experiments special attention must be given to 
complement deviation (Neisser and Wechsberg), because large quantities 
of immune bodies deviate the complement from the bacilli, through an 
excessive amount of amboceptor, we recognize this phenomenon by the 

82 An eighteen to tiventy-foui -hour-old bouillon culture is diluted to 1 5000 
by addition of sterile bouillon, and 1 cc of this contains a number of bacteria 
sufficient to form se\eral thousand colonies on an agar plate, after two to three 
hours’ incubation at 37 C The agar used in making such plates must be uniform 
and proied not to cause differences in the growth of the bacteria on any of the 
plates 
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appeal ance of plates made from tubes containing highly diluted serum 
and others containmg only slightly diluted serum, the appearance of 
both IS the same, all the plates showing luxuriant growth The plates 
betv.'een these two extremes, of high and low dilution, are sterile 

To avoid eirois m performing this test the following controls should 
be observed 

1 Prove the sterility of serum and complement to be used 

% Estimate the number of organisms m bacilli dilution 

3 Observe the result of mixmg equal amounts of bacilli dilution and 
complement without immune serum, to make sure the complement pos- 
sesses no bacteriolytic elfoit 

4 Mix equal quantities of immune seium and bacdli dilution without 
complement to learn if inactivated immune serum has not bacteriolytic 
effect 

5 Prove the steiility of the complement 

In perfoiming bacteriolytic tests much time and labor can be saved 
by omitting to make agar plates and counting the colomes on them 
When the tubes are removed from the mcubator they will appear clear or 
cloudy, if clear they are sterile, cloudiness is evidence of bacterial 
growth, the results of this quick method are as good as the estimation 
of colonies on agar plates, in most cases, but very resistant germs, when 
present, are not killed, but their growth is arrested , tubes containing such 
organisms will appear clear when removed from the incubator, if agar- 
plated, they will show bacterial growth, therefore, this abridged method 
IS unreliable and should not be used 

AH tlie paratyphoid A Pgh cultures were entirely destroyed m from 
0 006 to 0 008 c c of the polyvalent paratyphoid A Pgh serum , the 
amount of this serum required for the complete dissolving of the various 
other paratyphoid A cultures was not quite the same, some being killed by 
slightly smaller amounts and others requiring a little more than the 
quantity necessary for the complete destruction of the Pgh cultures 
Paratiqihoid-^B serum had no bacteriolytic effect on any of the paratyphoid 
A cultures 

The results of these bacteriolytic tests prove the identity of all the 
different cultures we have classed as paratyphoid A bacilli 

Each of the forty-eight cultures of paratyphoid A, Pittsburgh, and 
the cultures of Gwyn, Cushing, Coleman and Buxton, Hewlett, Johnston, 
Allen, Schottmueller, Brion and Kayser weie subjected to the bacterio- 
lytic test, three times, with paratyphoid A, Pittsburgh serum, and three 
times with paratyphoid B serum 



THE QUANTITATR^E ESTIMATION OF ALBUMIN IN THE 
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The Esbach method is undoubtedly the most widely used simple pio- 
ceduie for the quantitative estimation of albumin in the mine, and, not- 
Avithsianding its well-known inaccuiacies, it is still used in the ma^oiity 
of laboiatories and hospitals Foi exact woik seveial accuiate quanti- 
tative methods are available, but foi the clinician the Esbach albumin- 
ometei is practically the onl} quantitative instiument suited to his needs 

A great deal has been written about the Esbach method and its 
vaiious shortcomings Emerson and Baumgarten^ give a series of com- 
pel ative results obtained by estimation with the Purdy centrifuge and 
Esbach methods controlled by weighing They conclude that neithei 
method is satisfactoiy, and that the Esbach tubes as ordinaiily used 
cannot be lelied on foi even appioximate results They also state that 
unless the tubes be kept at a constant tempeiatuie, the method is prac- 
tically useless foi comparative quantitative estimations, Chiistensen’s- 
woik having shown that difCeiences in tempeiature of as much as 5° C 
may cause eiiois of 100 per cent in the leadings 

The chief disadvantages in connection with Esbach determinations 
as made with the original picric-citiic acid solution, may be biiefl} 
stated as follows 

1 As 01 dinar ily used the method cannot be depended on for a quan- 
titative estimation of albumin in the mine 

2 Clnistensen’s work has shown that the room tempeiature should 
be kept at oi near C Oidinaiily this is impossible 

3 Urines must be diluted so that the albumin will lead 4 gm pei 
litei 01 less, if results even appioaching accuracy aie to be obtained 

i Urines must be diluted to a specific gravity of 1 006-08 before 
testing and must be kept at a coii'^tant aciditv The specific giavitv of 
the Esbach solution is about 1 012 

*riom the Clinical Lal)oraloi\ of tlie Johns Hopkins Unnersitj and Hos- 
pital Biltimoic and the Lahoi itoi\ of Pin ^lolojric il Choniisti\ Mount Sinai 
llo-pitil Row Yoik CIt^ 

1 Eincrson and Baunigartcn Johns Hopkins Hosp Bull , 1003 \n 0 

2 Clui'stcnsen Virchon s Aich f path Anat ISSO c\\ 12S 
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0 Tlie piecipitale does not settle evenly, and it is common to find 
^allatlons of as much as 1 gm pei litei oi moie between two tubes fioni 
the same urine 

6 Even with inopei dilution and legaid to tempeiature, mines aie 
occasionally seen, in which the precipitate lefuses to settle, oi a poition 
settles, while the lest floats at the top of the tube, readings being impos- 
sible 

7 The solution mixes at once with the mine, and the lesultmg pie- 
cipitate interfeies with a collect leading of the meniscus at the E maik 
on the tube 

8 The Esbach solution is veiy disagieeable to handle the picric acid 
^taming clothes and hands in case of accident 

In view of these well-known facts it is not stiange that investigatoi s 
have been seaichmg foi a nioie accmate and simple method foi the 
quantitative estimation of albumin m the mine 

Phosphotungstic acid has long been known as a piecipitant foi pio- 
teids It IS a ciystalline oiganic acid, dissolving leadily m vatei oi 
alcohol, and giving a cleai oi slightly opalescent solution, v Inch will keep 
indefinitely if stoied in a daik bottle Boggs'^ found it an ideal pie- 
cipitant foi the proteids in milk, the piecipitate appealing nnmediatelv 
in a finely divided condition and settling evenly to a niinimmn volume 
m twenty-foul hours The supernatant fluid was peifectly cleai and 
gave no test for pioteid Boggs’ foiniula is as follovs 

Mi\ 25 gm phosphotungstic acid thoioughly vitli 125 c c of dis- 
tilled watei , then dilute 25 c c concentiated hydiochloiic acid with 100 
e c of distilled watei and add to the fiist mixtuie 

This solution was used in oidinaiy Esbach tubes in the same niannei 
as foi urine woik Di W A Baetjei has also used this solution in his 
voik on the proteids in blood, winch will soon be published, and has 
obtained extieniely unifoini and satisfactoiy lesults Both Boggs and 
Baetjjei conti oiled then woik by quantitative estimations vith the 
Kjeldahl method, and Boggs m ovei 300 deteiniinations found a mean 
cliff eience fiom the K^eldahl of only 0 2 pei cent 

In Febiuaij'^, 1908, a papei was published by Tsuchiya,'^ in vliicli he 
gave the lesults of a most thorough stud}' of the phosjihotungstic method 
as applied to uiine He found that a watei 3’' solution of phosphotungstic 
acid similai to the one devised by Boggs could not be used with mine, 
as the phosphates weie instantl}' precipitated and confused the readings 
He has found, however, that in the presence of alcohol the phosphates are 

3 Boggs Johns Hopkins Hosp Bull , 1900, wii, 342 / 

4 Tsuchna Zentialbl f inn iled , lOOS, xvi-s., 105 
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not piecipitated oi appeal only momentarily, disappeaimg wlien the nnne 
and acid are thoroughly mixed His formula is as follows 

Phosphotungstic acid 1 5 gms 

Hydi ochlonc acid ( Cone t ) 5 c c 

Etlijl alcohol q s ad ' 100 cc 

Siih'^titiiting this in the Esbach tubes for the old piciic-citiic acid 
solution, uitli technic similai otheiwise he carried on a long series of 
experiments, comparing the lesults with those obtained b) the old Esbach 
method and using a giaMiiietiic contiol in all cases The following is a 
‘Jiimmaiy of his lesiilts 

1 With noimal mine theie is no piecipitate, as sometimes haiipens 
w ith the Esbach reagent 

2 The piecipitate fioiii albuminous mines settles moie legiilail-^ than 
with the Esbach solution, and foaming or floating of the piecipitate is 
neiei seen 

3 The method is iiioie exact at oidinaiy loom tempeiatuie than is 
the Esbach 

4 Small amounts of albumin aie piecipitated as well as laige 
amounts, and this makes tlie leagent especially applicable to febiile mines 

IMoie lecently Goodman and Stein'^ have devised a titiation method 
foi the quantitatiie estimation of albumin in mine, employing Tsiichna s 
solution a« the piecipitant Fne cc of Tsuchiya’s reagent aie placed in 
a test-tube and then from a giaduated pipette mine is added diop bi 
chop, until the flist tiace of cloudiness appears By pieviou's estimations 
vith solutions containing knovn quanties of egg albumin thei detei- 
mined that 0 1 mg of albumin is the minimal amount vhicli vill cause a 
Imbiditi in o c c ol Tsuchi^as leagent The amount of mine added is 
lead oil on the pipette and if 0 1 c c ol urine had been used it vould be 
kiiovii that 0 1 c c of mine contained 0 1 rag of albumin, and 1 000 c c 
Ol a litei voiild contain 1 000 mg oi 1 gm of albumin Tlie\ gne cora- 
paialue iesult= of albiiinin estimation b} the Esbach method Tsuchna^ 
leagent and then new titiation method based on Tsuchiias leagent 
The icsults were conti oiled b\ Englandei s® modiflcation ol the heat and 
acetie acid gravimetiic estimation Goodman and Stein conclude that 
the Esbach method is absoluteh mneliable that Tsuchnas leao-ent is 
an impio\ement and appioaches nioic neail} the results obtained bv 
weighing while their titianon method is startlmgh exact ^alMng in but 
few instances fiom the graMinctiic estimations, and then but slnrhth 

" Goodimn E H mid Stem S A New Metliod for tlio Quantitatne E-ti 
iinhon of Albmiiin in Unne Tour Ain INfod Assn 1908 li 2055 

0 Fngl uidoi Zontrilbl f inn Med mos \\i\ 205 
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The woik which forms the basis for the present article was under- 
taken in the fall of 1908 at the suggestion of Dr E S Morris and has 
been carried on both at this liospital and m the laboratory of Dr S 
Boolonan, physiological chemist foi the Mount Sinai Hospital, Hew 
York City 

The Goodman and Stern titiation method was first tested, using pre- 
pared solutions of serum albumin m water and normal urine, and also 
pathological albuminous urines from the wards Englander’s gravimetric 
method has been used as a control in each case, and in oui hands the 
results giien in Table 1 have been obtained 

TABLE 1 —TEST OF THE GOODMAN-STERN TITRATION METHOD 

Phos- 


No 

Diagnosis 

8p Gr 

Gravimetric 

Gm 

Per Liter 

photungstic 

Gm 

Per Liter 

Esbach 

Gm 

Per Liter 

Tltratron 

Gm 

Per Liter 

1 

Nephritis 

1015 

2 03 

2 45 

17 

10 0 

2 

Nephritis 

1019 

2 74 

2 C 

1 7 

10 0 

3 

Nephritis 

1012 

3 75 

35 

21 

12 5 

4 

Surgical 

1014 

1 3 

1 2 

10 

66 

o 

Nephritis 

1018 

12 24 

11 4 

81 

50 0 

6 

Nephritis 

1017 

0 45 

02 

43 

25 0 

7 

Nephritis 

1010 

4 34 

4 2 

34 

11 7 

8 

Nephritis 

1014 

3 26 

31 

20 

10 0 

9 


1022 

5 6 

5 3 

4 1 

10 0 

10 

Cardiac 

1017 

33 

3 15 

1 8 

10 0 


The figures in Table 1 have been calculated fiom readmgs taken 
vhen the first definite trace of cloudiness appeared According to Good- 
man and Stein, if a uime contains 1 gm per liter of albumin a cloud 
should first appear when 0 1 c c of mine has been added to the leagent 
If this be tiue, the albumm content of any urine may be calculated by 
the following formula 

1 gm X dilution albumin content in gm pei liter 
(Number c c of urine added) — 0 1 

For example, urine was added to the leagent from a burette, and 
the cloud appealed when 0 05 cc had been used The urine was now 
diluted ten times, and the titiation repeated The first trace of cloudi- 
ness appealed when 0 1 cc of urine had been added Substituting in 
the formula 

10 X 1 gm =10 gm 
0 1 — 01 1 

The urine was again diluted ten times, a total dilution of 100 On 
titration the first trace of cloudiness appeared when 0 7 c c of urine la 
been added to the reagent Substituting, again, ve have 
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1 gm X 100 = 100 gm or 14 2 gm per liter 
07—01 7 

It IS seen that the dilutions do not check In the 100 dilution cloudi- 
ness should not have appeared until 1 c c of the urine had been added 
We should then have had the following . 

1 gm X 100 or 100 gm =10 gm per liter 
1 — 01 10 

Table 2 gives more fully the results obtained b} diluting the uiines 


TABLE 2 

—RESULTS OBTAINED BY 

DILUTING THE 

URINES 

Xo 

Dilution 

Giavimetnc 
Gm Pei Litei 

First 

Trace of Cloud 
c c Used 

Albumin 
Gm Pei Liter 

1 

10 

2 G3 

0 1 

10 0 


100 


0 7 

14 2 

2 

10 

2 74 

01 

10 0 


100 


OS 

12 5 

5 

100 

12 24 

02 

50 0 


300 


08 

G2 5 

G 

100 

6 43 

04 

25 0 


500 


1 7 

29 4 

9 

10 

5 G 

0 1 

10 0 


100 


0 6 

IGG 


The ciux, then, of the Goodman-Stein method is the detei mination 
of the first trace of tuibidity Fiom the lesults obtained it is evident 
that, with satisfactory illummation this tuibidit}* has been produced at 
least in the present experiments, with quantities of albumin less than the 
minimum determined b} Goodman and Stein foi egg albumin Fuithei- 
moie if the method is a quantitative one, an albuminous urine when 
diluted, say ten times, should produce the fiist tiace of tuibidit} with 
exactly ten times the minimal quantit}' required with the undiluted urine 
But such a lesult has not been obtained It has always required rela- 
tnel} less diluted urine (see Table 2) to attam the fiist turbidity * It 
IS evident theiefore, that the albumin or othei material which causes the 
tuibiditv IS not piecipitated by Tsuchija’s reagent at a fixed point of 
eoncentiation Since the estimated quantities of albumm were invariabh 
len high (see Table 1) vhen compared with the gravimetiic and 
Tsuchna s findings the method was discarded, and attention was directed 
to Tsuchn a s modification of the Esbach method 


7 lo f^^old error in noting the tir<=t tnce of turbidity the tubes were, in most 
in«tnnccs inspected independenth b^ numerous othei workers in the laboraton 
The titrated tubes were placed in a rack with untitnted tubes for controls In 
no case did the various obseners fail to detect the turbiditj in the titrated tubes 
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A laige ainouut of prelmimai}' woik was done befoie commencing a 
systematic examination of pathological mines Seium albumin was dis- 
solved in distilled vatoi and in noimal mine, solutions being thus pre- 
pared containing quantities of albumin varying fiom 0 5 to 7 gm per 
litei Duplicate sets of tubes weie then heated with the Esbach and 
phosphotungstic reagents, and after twenty-four hours the results were 
compared with gravimetric findings Tlie precipitate from Tsiiehi 3 a’s 
reagent imariably settled more evenly and read closer to the weighings 
than did the Esbach After further comparisons as to dilutions, specific 
giavit}, acidit}, etc , a study of pathological albuminous urines was begun 
and has been earned on for several months along the following lines 

1 A record has lieen kept of the diagnosis of the case, together vith 
the specific giavity and reaction of each mine tested 

2 Tlie albumin content of each mine has been estimated by both the 
Esbach and phosphotungstic methods and controlled in all cases by 
gravimetric deteirainations, in all but ten cases the Ejeldahl method has 
been used as an additional check 

3 In mines with a high albumin content several dilutions have 
usually been made, each dilution being a check on the one preceding and 
affording an index to the evenness of precipitation 

4 Studies have been made as to the effects of temperature on pre- 
cipitation, duplicate sets of tubes being placed in temperatmes of 0° C 
and 37° C and at room temperature 

5 The precipitates obtained with the giavimetric, Esbach and phos- 
photungstic methods have been tested b}'^ Kjeldahl determinations as to 
relative nitiogen content 

6 A senes of normal urines has been tested by both the Esbach and 
Tsuchiya reagents to determine whethei a piecipitate occuis under these 
conditions 

7 A special senes has been lun to determine what effect, if any, sugar 
in the unne has on the precipitation of albumin 

8 Experiments have been made to determine whether tiventy-four- 
houi readings are more coriect than leadings taken at other times 

9 Einall}^, urines from two patients in the wards of this hospital 
have been estimated daily for a week to determine whether Tsuchiya s 
reagent can be depended on to indicate a use or fall in albumin content 

In neither the phosphotungstic nor the Esbach methods have the 
urines been diluted to a specific gravity of 1 006-08, the object being to 
get results which would be given by the method as generally used All 
readings given were made at the end of twentj’^-foui hours For the sake 
of bievitv, leadings taken at othei hours aie omitted 
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TABLE 3— TEST OP PHOSPHOTDNGSTIC METHOD AT ORDI^ARi ROOM 

TEMPERATURE 

Giavi- Phosplio- 


No 

Diagnosis 

Dilutions 

Sp Gr 

Kjeldalrl 
Gm Per 
Liter 

metric 
Gm Per 
Lrter 

tungstic 
Gm Per 
Liter 

Esbach 
Gm Per 
Liter 

1 

Cbi ncphiitis 


0 


1012 

8 

82 

7 5 

58 

2 

Chr ncpbiitls 


0 


1014 

4 95 

5 15 

48 

35 

3 

Caidiac 


0 


1018 

2 7 

27 

2G 

1 8 

4 

Nepliiitis 


0 


1015 

2 48 

2 52 

2 1 

1 6 

5 

Nephritis 


0 


1018 

3 G9 

3 71 

34 

2 3 

6 

Nephritis 


0 


1022 

4 31 

4 49 

42 

3 5 

7 

Nephritis 


0 


1018 

8 

81 

88 

5 5 



1 

to 

2 


40 

4 05 

3 8 

25 



1 

to 

3 


2 G6 

27 

25 

1 7 



1 

to 

4 


2 

2 025 

1 8 

1 2 



1 

to 

5 


1 6 

1 62 

1 5 

1 1 



1 

to 

G 


1 33 

1 35 

1 3 

09 



1 

to 

7 


114 

1 157 

1 1 

08 



1 

to 

8 


1 

101 

1 0 

0 6 

8 

Chr nephritis, acute 










e'^acerb 


0 


1020 

23 8 

24 2 





1 

to 

4 


5 95 

6 05 

5 9 

2.8 



1 

to 

8 


2 975 

3 025 

29 

1 5 

9 

Myocarditis 


0 


lOlG 

25 

25 

24 

08 

10 

Chr nephritis 


0 


1019 

14 35 

14 05 





1 

to 

IG 


89 

878 

0 8 

* 



1 

to 

14 


1 09 

1 003 

1 + 

* 



1 

to 

10 


1 435 

1 405 

13 

1 ^ 



1 

to 

8 


1 79 

1 75 

1 75 

* 



1 

to 

G 


2 37 

2 34 

2 3 

T 



1 

to 

5 


2 87 

2 81 

30 

« 



1 

to 

4 


3 58 

3 51 

3 7 




1 

to 

3 


4 7G 

4 08 

5 0 

* 

11 

"VDocardltis 


0 


1011 

1 4 

1 41 

1 4 

7 

12 

Gen Paresis 


0 


1015 

2 57 

2 59 

27 

T 



1 

to 

2 


1 28 

1 29 

1 2 

JL. 

1 



1 

to 

3 


85 

SG 

09 

- 

13 

Nephritis 


0 


1013 

2 43 

2 47 

23 

1 0 

14 

Chr nephritis 


0 


1018 

1 8 

1 8 

1 7 

1 0 

ir. 

Pleural eiTuslon 


0 




4G 7 





1 

to 

20 



2 23 

2 G 

1 2 



1 

to 

10 



4 G7 

4 9 

3 3 


I’[>t flontoil 


, Xot cottlcd 
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No 

Diagnosis 

Dilutions 

Sp Gi 

KJeldahl 
Gm Per 
Liter 

Gravi- 
metric 
Gm Per 
Liter 

Phospho- 
tungstic 
Gm Per 
Liter 

Esbach 
Gm Per 
Liter 

1C 

Cardiac 

0 

1014 


35 

35 

21 

17 

Nephritis 

0 

1015 


2 63 

2 45 

1 7 

IS 

Nephritis 

0 

1019 


2 74 

26 

17 

19 

Chr nephritis 

0 

1012 


3 75 

35 

21 

20 

Surgical 

0 

1014 


13 

12 

10 

21 

Cardiac 

0 

1011 


3 27 

3 1 

17 

22 

Nephiltis 

0 

1017 


0 45 

62 

43 

23 

Pleuial effusion 




26 7 





1 to 5 



5 34 

5 3 

43 



1 to 10 



2 67 

23 

20 



1 to 13 



178 

1 8 

09 

24 

Nephritic 


1010 


4 34 

42 

34 

23 

Nephritis 


lOlG 


3 9 

3 6 

21 


An inspection oi Table 3 cleaity shons that at ordinary loom tem- 
perature the pliospliotungstic method is more accurate than the Bsbach 
for both small and large amounts of albumin In two of the 23 urmes 
the precipitate failed to settle with the Esbach reagent, and in one it 
floated, such lesults rarely have been observed with Tsuchiya^s leagent 
Disturbance of the precipitate is sometimes seen m urines containmg 
an excess of carbonates It is due to liberation of gas upon addition of 
the acid reagent, and is easily remedied by first treating the urine with a 
little acetic acid The aveiage, greatest, and smallest difference of both 
methods from the albumin content as given by Kjeldahl and giavimetric 
determination, is as follows 

Average DiSf Greatest Di£E Smallest Diff 

Esbach = 1 736 2 S 0 3 

Phosphotungstic = 0 297 OS 0 

In the phosphotungstic method mines need not be diluted to a con- 
stant specific gravity, nor need the albumm content be read below 4 gm 
per liter, as is necessary in the Esbach method The reagent is itself 
lighter than water and acts as a diluent for urines with which it is 
mixed 

The results from two pleural effusions mdicate that the method can 
be used quantitatively in these cases Tsuchiya has obtained similar , 
results 

All twent3'’-four-hour readings are approximately correct Some uiiims 
could be read at twelve hours, but this finding is not constant and t e 
savmg of time would not he of much practical importance, the twent] 
four-hour interval bemg a very convenient one 
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The figuies given above are the result of work carried on at all seasons 
of the year, and it is evident, theiefore, that the phosphotungstic method 
IS always reliable, provided extremes of temperature he avoided The 
effects of such, extremes on both methods are indicated in Table 4 Dupli- 
cate sets of tubes were placed in the thermostat and ice-chest, and left 
at loom temperature 

TABLE 4 —TEST OF THE PHOSPHOTUNGSTIC METHOD AT VARIOUS 

TEMPERATURES 

Gravi- Phosplio- 






Kjeldahl 
Gm Per 

metric 
Gm Per 

tungstic 
Gm Per 

Esbach 

No 

Temp 

Diagnosis 

Sp Gr 

Liter 

Liter 

Liter 

Gm Per Liter 

1 

Room 

Nephritis 

lOlo 

3 65 

3 68 

35 

19 


0°C 





r + 

U mark 


37°C 





1 9 

0 8 

2 

Room 

Nephritis 

1020 

4 76 

4 8 

4 65 

3 2 


0° C 





7 5 

Above U Mark 


37'’C 





23 

Ppt floated 

3 

Room 

Nephritis 

1016 

3 41 

3 42 

3 3 

21 


o 

o 

o 





69 

12 0 estimated 


37°C 





Contracted 

Floated 


The piesence of sugar in albummous mines is of little importance m 
appl}ing the phosphotungstic method Tsuchiya^s reagent will not pre- 
cipitate sugar from solution in distilled water or in noimal mine 


TABLE 5 —PHOSPHOTUNGSTIC METHOD IN SUGAR CONTAINING URINES 


Diagnosis 

Sp Gr 

Kjeldahl 
Gm Per 
Liter 

Gravimetric 
Gm Per 
Liter 

Phospho- 

tungstic 

Gm Per 
Liter 

Esbach 
Gm Per 
Litei 

Nephritis 

1018 

39 

4 

3 S 

2 5 

+ 2 per cent glucose 




3 75 

2 4 

-r 5 per cent glucose 

1030 

39 

4 

3 55 

2 1 


The mine given in Table 5 is one of the seveial tested, and the lesults 
show that a ghcosuria of as much as 5 per cent may exist without caus- 
ing serious eiior in the phosphotungstic leadings 

Tsuchii a states that his reagent does not give a precipitate in normal 
mine Fifteen noimal urines were tested with his reagent, and a slight 
piccipitate vas obtained in each case Experiment has shown that this, 
precipitate in normal urine does not interfere vith leadings of 0 o gm 
pel liter and above It would be interesting, theiefore to conduct 3 
series of expeiiments using ffneh giaduated tubes in order to deteimine 
in^t how con-iant this precipitate in normal urine is. and to vhat extent 
n Monhl lilt 01 lore vith albumin estimation in febrile urines The Esbach 
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solution gave a piecipitate m only 5 of the normal mines, but its pie- 
cipitation of albumin is too iiiegulai to determine accuiately a rise oi fall 
of small amounts The piecipitate tin own down in noimal urine by 
Tsuebi 3 u’s leagent is a mixtuie of oiganic and inoigamc material, con- 
sisting laigely of phosphates 

Table 6 shows the unifoimity woth uhich albumin is precipitated by 
phosphotungstic acid Duplicate sets oi calibrated tubes hare been used 
NMth each uime tested, two tubes being filled uith the Esbach and two 
Mith the pho'^photungstic reagent 


TABLE G— COATUAST AS TO UNIFORMITY BETWEEN PHOSPHOTUNGSTIC AND 

ESBACH METHODS 


Tube 

Diagno&ls 

bp Gi 

Kjeldalil 
Gm Pei 
Lltci 

Giavimetiic 
Gm Pei 
Litei 

Phosphotungstic 
Gm Pci 

Lltei 

Esbach 
Gm Pei 
Liter 

No 

1 

Nephiltis 

1015 

2 57 

2G3 

2 45 

17 

No 

O 





2 4 

14 

No 

1 

CaiGitu 

1011 

331 

3 27 

3 1 

17 

No 

2 





31 

15 


These aie mines 17 and 21 of the senes given in Table 3 Vaiiations 
of ovei 0 1 gm aie the exception with the phosphotungstic and the lule 
uitli the Esbach method, in nhich vaiiations of 0 5 to 1 gm pei htei 
aie not uncommon 

The expel iinents have been concluded by following dailj for a week 
the mines of two nepluitics on the waids of the Johns Hoplans Hos- 
pital, to deteimine whether the Tsuehija method can be relied on to indi- 
cate a use oi fall in albumin content The results in both cases veie 
entiiel} satisfactoi}^ The albumin output for a week in Case 1 is shown 
in the accompanying chart, and an inspection of the chart shows the close 
parallelism between the Tsnchiya and Kjeldahl methods, as well as the 
unreliability of the Esbach 

An inspection of all the Kjeldahl and giavimetiic estimations shoiis 
that the Ivjeldahl readings aie almost invaiiablj a little under those 
obtained by m eiglnng The Kjeldahl estimations were made on the albu- 
min iiom 10 c e of mine obtained in exactly the same way as foi giavi- 
motnc determinations, and the two readings should agree evactl} The 
erioi must be due to the fact that (a) moistuie is not completely expelled 
from the albumin on drying oi is absorbed during weighing, oi (b) 
that the albumin as obtained is not 100 per cent pure aecordmg to 
nitrogen content The actual nitiogen content of the precipitates throiin 
down b}'' giavimetiic, phosphotungstic and Esbach methods is given in 
Table 7 according to K 3 eldahl estimation made on three different mines 
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TABLE 7— NllIlOOrA' CONTENT OF PRECIPITATES THROWA' DOAMS BY 
GRVVniElRIC, PIIOSPIIOTLXGSTIC AAD ESBACH METHODS 


GiaMiiictilc Ppt —Phospbotungstic Ppt— Esbach Ppt - 


>0 

Mtiogcn 

Mbnmin 

Gm Pei Litei 

Nitiogen 

Albumin 

Gm Pei Litci 

Niti ogen 

Albumin 

Gm Pei Litei 

1 

.307 

2 2b 

73S 

1 IG 

012 

3 S2 


04 

4 00 

7 

4 37 

S24 

j 15 


Gib 

3 8G 

GG3 

4 137 

7S4 

1 9 


It IS tlius cGGii that both Esbach and T'^uchija leagGiits tbiow doiin 
a piGcipitatG Aihicli contains moie nitiogen than that piesent m the 



Cliiit ‘•howinfr allnunin output in 1 foi a neck estimated bv Kjcldnli], 

pIio-'plio(un<i«tic and I>lnch inetliod^s 


allniniin Some oi the othei nitiogonons mateiial in the mine, theie- 
foio mn^t he c lined down In hotli picnpitales somewhat moie -o In 
I lie lAhaeb .1= tlie i exults show 

In oidei to .iaouI lai as po=^ible tlie enoi of penonal crjuaiioip 
otbei woiken in the lahoiaton haae been a=ked to take the ieadin2= 
ind main of the heun- gnen abo\e lia\e been =o obtained With -.Imht 
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exception tlie results fully confirm Tsucliiya^s findings and wairant the 
following general summaiy 

1 The phosphotungstic method is very much more accurate tlian 
the Esbach for a comparative quantitative estimation of albumin in the 
uime Tsuchiya's reagent should, theiefoie, supplant the Esbach solu- 
tion 

2 The method can be relied on to mdicate a slight rise oi fall m 
albumin output, which is not true of the Esbach 

3 Headings are not influenced by changes in temperatuie to the 
same extent as with the Esbach 

4 Eoaming oi floating of the piecipitate is raiely seen, and the pre- 
cipitate settles much more evenly than with the Esbach reagent 

5 The solution is lighter than water, and when added to mine 
does not mix until shaken, but uses as a clear supernatant fluid, 
enabling one to read the meniscus accurately at the R maik on the 
Esbach tube Because of its low specific giavity the urine needs no 
furthei dilution 

6 The method can be used foi large amounts of albumin as well 
as for small amounts (See Erme 22, Table 3 ) 

7 Tsuchiya^s reagent is applicable in urines where albuminuiia and 
glycosuria coexist 

8 Phosphotungstic acid m alcoholic solution is easily piepaied 
keeps well, and does not stain hands oi clothes, as does the Esbach 
reagent 

9 iN’ormal urines tieated with Tsuchiya’s reagent yield a slight pre- 
cipitate 

10 The method of Goodman and Stern has pioved to be very inac- 
curate 

In conclusion I wish to thank Di L E Barker and Di W S 
Thayer, also Dr E Libman, for their kindness in plaemg at my dis- 
posal material fiom their wards. Dr S Boolonan for his man}’’ valuable 
suggestions and the use of his laboiatory and equipment, and especially 
Di K S Morns, to whom I am indebted foi advice and assistance 
throughout the whole course of the ■«mik 
111 Jackson Place 



THE SEXUAL FORMS OF THE MALARIAL PLASMODIA 
OCCURRING IN THE BLOOD OF MAN 

CHARLES F CRAIG, M D 

MASIIINGTOX, I) C 

The foims of the malaiial plasmoclia concerned in spoiogony which 
can ho dilTeientiated in the Wood of the human host aie of gieat inteiest 
fiom both a practical and theoietical standpoint The piesence of these 
sexual f 01 ins, which aie intended to complete then development within 
Llie nio'^quito, pioves be3ond question that the patients in whom they occiii 
aie infective to these insects, and that they are thus tiiie ‘'^cairieis” of 
malaiial disease The demonstiation of these foiins is, theiefoie, of 
impoitanee in malaiial epidemiologj^ and piophylaxis, and as but veiy 
hiicf desciiptions of the sexual foims aie given in most English and 
Aineiican uoiks dealing with the malaiial feieis oi the piotozoa, it has 
ap]ieaied to me that a detailed account of then moiphology, togethei 
uitli a discussion of ceitain points conceining then lole m epidemiology, 
might piove of inteiest and value to those inteiested in the diagnosis and 
piophylaxis oC the malaiial feieis 

As IS veil known, theie occui m the blood of man, besides the foims 
of malaiial plasmodia conceined m the human cycle of development, oi 
schi/ogon\ ceitaiii otliei foims uhich aic intended to develop only within 
the mosquito IMic ohsenations of Schaudinn^ legaiding pai thenogene- 
'^I's ol the m.uiogamcte uithiii man haie not been confiinied bv manv 
obscneis and I, although T haie moct caiefully examined many cases, 
haie not been able to clenioiistiate the foims desciibcd bv Schaudinn 
as paithenoceiictic 101111= Theiefoie, in the absence of moie definite pi oof 
than ve let po==ess I bclieie that it 1= the pait of ui=dom to considei the 
question of paithcnogencsis as an open one and that the sexual foims of 
the malaiial plasmoclia occui nng in the liloocl of man aie capable of 
deielopment onh uithin the mosquito 

Of the sexual foims the male me knovn as niiciogametocites and the 
female as maci osjametes mIiiIc both foims aie geneialh lefciied to as 
cainotc'- 01 uamolocitcs vhen spoken of collect nely IVhile no tnie deiel- 

llns lopoil b\ Di I 1 ufc C ipt.iin Mcdicil Coipc S Ainn is of woik 
<Jone 111 (ho Lihoi v(oi\ of (ho s:iii”*oii f.iiioi.il ^ oflicc aiu] i- puhliched ^\l^ll per 
ini-sioii of the sciufxeoii Gem ml of (ho Ainn 

1 ''(.hiiidimi r ‘sludnii ul ( i kr.iiikheii '•ei re^eiide Piolo/odi. Aih n d k 
O-mlh'-umo 1002 \i\ Klo 
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opmcnt of these bodies occuis within man, if tlie blood containing them 
be leinoied fioin tlie body, the niicioganietocjtes fieqiiently nndeigo 
flagellation and inodiice fice, motile, filainentoiis foims, known as micio- 
gametes In veiy laie instances individual miciogametes may be 
oliseiied to j^ciietiaie a maciogamoto, leinesenimg a piocess of feitil- 
i/atioii noinially occiiiiiiig within the middle intestine of the mosquito 

The diffeieiitiation of the =o\iial foims oi gametes is not a veiy diflQ- 
ciilt mattei although the opposiie oinnion appeals to be geneially piev- 
alent The estivo-antuiiinal gametes, because of then ciescentic shape 
when fully de^ eloped, aie easily lecognizcd, even by a novice m nialaiial 
pai asitologjq but the niti acoi piisciilai stages of the development of the 
gametes of all of the species of plasniodia aie moie difBcnlt of recogni- 
tion, although with a deal knowledge of then iiioiphology and a little 
piaeticc, all of then stages of development inaj be differentiated in 
stained specimens of blood with the e\eeption of the vciv earliest intia- 
coipnsciilai stage, in which the inoiiihology is still a niattei of dispute 
Tlio fiilJi developed gametes of Plasmodium (the teitiau plas- 

inoduim) and Plasmodium malanw (the qiiaitan plasniodmm) aie easily 
diffcientiatcd when one is tlioioiighly acquainted wnth then nioiphologj' 

In discussing the sexual foims of the malaiial plasniodia found in 
man, it is ncccssaiy to considei the gametes in geneial, and the inacio- 
ganietes, miciogaiiietocytes, and miciogametes, of each species, m 
paiticulai 

THE RELATIVE ritOPORTION OF MALE AND FEMALE GAMETES 

But lew' obseivations have been made on the lelative piopoition oi 
miciogaiiietocytes and maciogametes which occui in the peiipheral blood 
of man As these foims may be icadily diflcicntiatcd, it is lathei sur- 
jiiising that the obseiiations upon tins p]ia=e of oui subject aie so lim- 
ited, the best being those of Stephens and Chiistopheis- and Huge'’ 
Stephens and Chiistopheis studied the subject in estivo-autiininal infec- 
tions and found the piopoition to be 53 miciogaiiietocytes (male) to o3 
maciogametes (female) , wdiile Euge, in a laige numbei of benign tertian 
infections found that the lelative piopoition vaiied gi eatly m different 
individuals in some theie being jnactically equal nuinbeis of male and 
female gametes, wdiile in otheis only one niici ogametocy te wms found to 
50 macrogametes 

2 Stephens J W and Chi jstopJieis S R 'I he Agglutination of Spoio 
zoites. Rep Malaiiil Coni Ro-^ Soc Loud ISSU 1900 Senes 3, p 1 

3 Ruge, R Fiageii und Pioblenie dei model nen Malanafoi schung, Cen 
tialbl f Bakteiiol ii Pamsitenk 1902 ws-ii, 770 
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1 ]ia\G fieqiieiitly obsel^ed instances of estno-antnninal infection 
in mIiicIi the piopoition of niiciogametocjte': to macioganietes iias as 50 to 
5, and I belieie that in this tT)pc of infection the male ioim alnais onl- 
nunibeis ibe female, and that the ■same is piobablv tine in teitian and 
qnaitan infection': 

Schaudinid abseiled that aftei teitian malanal infections bad pei- 
sisted foi some time the miciogametoc}tes giaduallv disappeaied fioni 
tlie peiiplieial blood, until finall} only macioganietes neie found In 
cstno-antiimnal infections I liaie obseived 3 nst the opposite, the micio- 
gamctocUes being the last to disappeai fiom tlie peiipbeial lilood It is 
questionable, lioweiei, as to bow miieli m eight sboiilcl be placed on the 



I’lg 1 — A ^oullg iiiaeio”,iniclc of PUisvioilnn)i max (the teitiaii jilas 
inoiluim) Note tlte daikci coloi and the laigci amount of pigment than is pics 
out 111 the miciogunetocitcs shown in Figiiie 2 the laigei si/e of the oiganism, 
and the moic distinct outline showing moic intense staining X 1200 

lelalite piopoition of the gametes as obsenecl in the jienpbeial blood, 
loi it IS piobalile that it is not a tine mde\ of the evact piopoition pios- 
ent 111 the bodt 

TllL MOinMIOlOt.Y 01 TUT Sl-Xb \L rOHMS OCCLlilllXG IN MAX 

111 coiisuleniig tbe inoipliologi of the sexual foims it is necessan to 
(le-onbc the gaimtcs of each s])ecies as obsened iii both fresh and stained 
specimens of blood The der-ciqitioii guen of the iiioi phologt of tbe 
canons fonns will include oiih the salient diagnostic points and will be 
foinid line of the cast maioiilc of the pbisinodia examined although fie- 
(pient deciitions will be obseived due to pie's\ne in piepaiiiig the speci- 
men Cl aitofacis ]iiodnced dnnng the staining piotess The stain winch 
1 used c\,it t\ light s niodihcation of ihe lioinanowsPv mtiliod 
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J’lrE SEXUAL lOEMS OE PLASJIODIUM VR AX (TIIL TEKTIAX PIASMODIUAI) 

l*i6sli P> cpd) aiwns In fiesli piepaiations it is jiiactically impossi- 
ble to distiiigiiisli the gametes of Plasmodmm viia% fiom the sdiizonts 
(foims of tlie huiiiaii cycle) iiiiiil tJiey aic fully dei eloped While indi- 
Mdiial gametes may contain a laigei amount of pigment, ivliich is coaisei 
in stiiictnie, than do the schi/onts, this distmetion cannot always be 
made, nliile the hyaline stage cannot be distinguished by the loss of the 
‘^hing-foimW as this foim is fieqiicntl} absent in teitian infections in 
which gametes haie not developed When the gametes aie fully devel- 
oped, howevei, the} ma} be easil} distinguished fiom the fully developed 
sehizoiit, and the male and female foims ma} be leadily diffei entiated 



Fig 2 — 'l\io loung iiiiciogamotocjtes of FUismodiinn vivax Note the lightei 
coloi and sniallei amount of tlie 2 ngnient, and tlie less distinct outline, showing 
the pool staining qualitj' of this foim of the plasmodiiini X 1200 

The Living Maaogamcie — The tertian maciogamete, when fully 
developed, measuies fiom 9 to 11 micions in diametei, and is peifectl} 
ciicular in shajie, the piotoplasm appeals moie gianulaz than that of 
the matuie schizont, wliile the jngment, instead of being distiibutecl 
thioughout the piotoplasm, is aiianged in the foim of veiy laige giains, 
clumps 01 lods, about the jieiiplieiy of the oiganisni, oi in a wreatli-like 
mannei at some distance from the peiipheiy The pigment is not 
motile and the oiganism appeals more lefractile than the schizont Veiy 
laiely a flagellum oi microgamete may be obseived attached to this foim 
of the paiasite, but the chaiactei of the movements of the flagellum and 
the peculiai aiiangement of the pigment within the maciogamete sene 
to distinguish it fiom a flagellating microgametocyte 

The Living Mici ogametocyte —The niieiogametocyte of Plasmodium 
slight!} smallei than the maciogamete, measuiing, when fully 


vivaai IS 
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tlcvelopecl^ fioin S to 10 niicioiis jn cliainctei , it is sphencal in sliape^ the 
piotoplasin IS less giaiiiilai, and the pigment is geneiall} distiibuted 
tliioiighont tlic piotojilasni Tlie pigment is laiger in amouni tlian in 
tlie maeiogamete and is shiggislil} motile iihen the oiganism lias ,-)nst 
been libeiatcd Jiom the led eoijmscle in iiliich it lias developed In the 
full} de\ eloped foini the pigment ina} be inimotile, and in such instances, 
instead of being collected m clumps about the peiipheiv of the led eell, 
01 in a uicath-like mannei neai the ceiitei, as m the maeiogamete, it is 
scatteied m mmnte clumps thioughout the piotoplasin 

The phenomenon which distinguishes the living iniciogametoc3te 
fiom all othei foims of malaiia plasmodia is the piocess knoivn as flagel- 



I'lg; 3 — A fully dc% eloped maeiogamete of Plasmodium max Note daik, 
lod like pigment giainiles, the chiomaliii collected in a dense mass at one side of 
the oiganism, and the distinct appeal ance of the oiganism due to the deep stain- 
ing of the piotoplasin X loOO 

lalion dunng wliicli tlie miciogametes, wlncli hate developed witlun tlie 
micKigametoctle, aie hnalh extiuded and libeiated fiom tlie paient bodt 
'I'lie miciogamotoe^tes which aie about to undeigo tins change aie easih 
lecogm/cd because of the Molent actnit) of the pigment within them, 
and the uiidulatoiy moteincnts of the boidc-i of the paiasite This Molent 
aclniit of the pigment is due to the flagella oi miciogametes moMiig 
about within the paieiit bodt and li such an oiganism be eaiefulh 
watclied it will be obsened that etentuall} a numbei of delicate rilainents 
suddenh make then appeaiance at the peiiphen of the oiganibin and 
las]) about in the blood plasma These aie the miciogametes and tan in 
numbei fioin two to foui TIiot aie peifecth Inaline in appeaiance 
altliougl’ not infierpieiith a few gianules of pigment ma} be obsened 
within them, deined fiom tlie mieiogametoc} te Befoie the occuiience 
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of flagellation the pigment of the niiciogamctoc}te tends to collect towaicl 
the centei of the oiganisni and is aiianged in a nioie oi less compact 
mass 

Aftei lashing about foi a vaiiable time, one, oi peihaps all, of the 
miciogametes succeed in fieeing themselves fiom the paient body, and 
disaiipeai among the icd blood coipusdes In laie instances one of these 
fiee miciogametes maj he ohseived attached to a niacioganiete, but this 
is altogethei exceptional, and such bodies should be distinguished fiom a 
llngellating mici ogametocyte 

The Living Miciogamcie — In fiesh blood piepaiations the micio- 
ganiete appeals as a thiead-like, hyaline body, uliicli possesses a seipen- 
tine niotilitj', enabling it to piogiess among the led blood coipiiscles which 
aie moved about dining its passage It is often discoveied in fiesh piep- 



I'lg 4 — A fully de\ eloped nuci ogaiiietocj'le of Plasmodiuin vivax Note the 
fine pigment gianules, the laigei amount of chiomatin, aiianged in a loobe net 
work, instead of in a solid mass, as in the maciogamete, and the indistinct 
appeal ance of the oiganism due to its poox staining quality X 1500 

arations by the vei^^ appaient movement of the eijthiocytes in its vicin- 
it} As a lule, the miciogametes aie veiy slendei bodies, but sometimes 
shoit stout foims aie obseived, the significance of which has not been 
deteimined Veil fiequentl] one extiemity of the miciogamete is 
clubbed, while the ojijiosite extiemity is shaiply pointed, but usually aftei 
liberation both extiemities aie shaiply pointed The length of the micio- 
gamete vanes the usual measuieiiient oeing fiom 16 micions to 20 
microns, but foims have been obseived measuiing as much as 40 to 50 
micions, 01 even moie A few pigment gianules may sometimes be 
observed within the miciogametes and this pigment is apparentlj’’ lap'dly 
extruded, for no pigment is evei observed in niieroganietes which have 
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become attached to maciogamctes The Aaiiaiion in the length of the 
miciogameic'J is inoie inaiked in the tcitiaii species tlian in tlie quaitan 
01 e=ti\o-autuinnal ‘?pecie‘=, and shoit^ lathei thick foiins aie fieqiienth 
ob'^ciNcd along ^\l^h long clendei foims in infections with this paiasite 
Simned Picpmaiwns — Unlike fie'^h piepaiations in stained piepaia- 
11011= the jonng intiacoipnsciilai stages of the teitian gametes may bo 
lerognized This is tine of all but the ven eailiest intiacoipnsciilai stage, 
in which the gamete is with gieat diflicultv diffeientiated fiom the 
sehizont ^Yhlle this is tine, it is possible, cncii befoie the de^ elopineiit 
of pigment to di/Tcientiate the gametes by then staining leaclions When 
=taincd bv the Wiight method all foims of the inalaii.il plasniodia piesent 
the =amc fundamental staining leactions but ditleiences aie obseiied in 
the inloii=it\ of the leaction in tlie laiioiis stages of giow’tli and in the 



J'lg 3 — A iiiaciog.unotc of Plasmodium fahtpantm (the leitian e«ti\o 
autiiniinl pl.isniodiuin) Note the slemlei foim of the ciesent, mIucIi is cluuac 
tcnctic of tile niaciogainotes X loOO 

foiiii'' coiucined in spoiogoin and =c]ii/ogoni Tlie piolojilasm «iain'' 
blue tlic cliiomaiin of tlie inuleus a biiglit led oi Molot wliilo tlie 
acliioiiiatic pnition of the nu(leu= lemaiiis unstained d'iic onh \aiiatioii 
whitli occui^ in tlu' =taiiiing leaction of the gametes con=ists in the degiee 
ol eoloi impaited In the ‘-lain to Die iaiiou= foim^ 'J'lic teitian gametes 
wlion stained In thi- metliod con=i=t of a ma== of blue pioto])la=ni enclo=- 
ing the iod-=tained chiomatin the atlnomatic poition of the nucleus 1 = 
not alwai- di4ind and the loung gamete i- con=iderablv laigei than tlie 
\ouiig =( lii/ont Tlie juirmented gamete (oiiiains moie pigment than do the 
de\ eloping =chi/ont- while the chiomatin =hows no evidence of dni=ion 
and di'-tiibntion tliionghom tlie piotopla=m being aiianged in =mall 
HHgulai ma-=i= confined lo one pounm of the oigani-m oi biokcn uji 
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into fiiiG fibiih sinionnded b}' an nnslained aiea, which is again sui- 
lonnded b}^ the bhic-stained piotoplasm While intiacorpnscnlai, the 
gametes aie ahiajs sphciical in sliape, but aie sometimes distoited duiing 
tlie piepaiation of tlie specimen The following data aie of seivice m 
diffeientiating teitian gametes fioin teitian schizonts 

1 The 3 onng, intiaeoipiisciilai gamete is nevei 'hing’Mike in shape, 
as the achiomatic zone is impeifeetly defined 

2 The gamete is laigci than ihc coiie'^pondiiig stage in giowth of the 
schizont 

3 The pigment in the gamete is laigei in amount and eailiei devel- 
oped 

4 The chioinatin is aiianged in a loose skein oi in iiiiniite masses 
and IS not distiibiited thioiighont the piotoplasm at ani etage in the 
deielopinent of the gamete 



Fig 6 — liio niici oganietocx te^ of Pl(t‘iv) 0 (huiii falcipai tiw Xoto the plunii) 
kidney sliape mIiicIi is cliaiacteiistic of the inici ogametoej'tes of the estivo 
aiitiimnal plasmodia X 1500 

5 When spoiiilating paiasites aie piesent the gametes aie easilj’’ lec- 
ognizable, foi, though laigei tlian the siioinlatnig bodies, they piesent 
no evidence of segmentation of the chromatin 

The Stained Maci ogamcie — In stained sjiecimeiis the teitian maeio- 
gamete stains a lery intense blue and the intensit} of the staining seives 
to distinguish this foim of the plamiodiuni fiom the schizont oi the 
miciogaraetocite The chiomatin, in the eailiest stage of development 
consists of a small dot situated neai the centei of the organism, vhile m 
latei stages of development seveial dots oi lods of this substance aie pies- 
ent, situated neai the peiipheiy of tlie oiganism, but it is not distiibutecl 
thioughout the piotoplasm The chiomatin is compaiatnelj^ small in 
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araount and stains a brilliant crimson The pigment is almost black in 
coloi m stained preparations and arianged in iiiegulai masses near the 
peiipliei}" or in a reatli-like mannei about the center of the paiasite 
The pigment is usually in the foim of rods, measuring fiom 1 to 3 
microns m length 

The Siained Mici ogameiocytc — In stained specimens the mieiogam- 
etoc 3 'tes of Plasmodium vary in appearance duiing the various stages 
of development The young miciogametocytes stain a veiy pale blue and 
contain a comparatively laige dot of intensely stained chiomatm The 
fully developed miciogametocjtes piesent a very poorly stained pioto- 
plasm, the' blue tinge being so faint m many instances as to be dis- 
tinguished ivith difficult}, the piotoplasm appealing h} aline The chro- 
matin IS always laige in amount m all stages of development and stains 
an intense led In microgametes which aie about to libeiate flagella, the 
chromatin is observed to be divided into fiom four to eight masses, which 
aie ai ranged about the periphei} of the organism, and these forms aie 
sometimes mistaken for sporulatmg quaitan plasmodia The pigment is 
laigei in amount than m the sclnzonts or the macrogametes, and stains a 
gieenish blue coloi It is in the form of fine grains oi short very slendei 
rods If microgametocytes which have libeiated the miciogametes oi 
flagella be studied in stained specimens before the microgametes have 
sepal ated fiora the parent bod}, it will be obseived that the chromatin of 
the paient body may be tiaced into the flagella In some instances it will be 
seen tliat all of the chiomatm has become collected m the miciogametes, 
the mieiogametocyte being fiee from this substance, although in most 
instances a few irregular clumps, minute in size, may still be obsened 
within it It IS evident from this obseiiation that most of the chiomatm 
of the miciogametoc}te is expended m the foiniation of the microgametes 

The chromatin m the microgametocytes is always largei m amount 
than m the maciogametes, and is collected m the foim of lather thick 
febrils airanged m irregulai masses in the piotoplasm. the whole being 
suiiounded b} an achromatic zone It is ne\ei distiibuted in legulai 
masses thioughout the protoplasm as it is m the schizonts piioi to or 
duimg 'iporulation In stained specimens the shape of the miciogameto- 
citc IS oial or circulai but it mai be distoited during the piepaiation of 
tlie specimen 

Difjcreniiaiton of ihc Tcrlian ^liaogameiocyic from ihe 2Iacro- 
oamLic — The microgametocite ol Plasmodium riior mai be leadil} dif- 
feientiaied from the iiiacrogamete b} attention to the following points: 
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1 The miciogamctoc 3 d;e is smaller than the raaciogamete 

2 In fresh specimens the microgametocyte has a gieatei amount of 
pigment than the macrogamete and the peculiar “swarming motion” of 
the pigment selves to differentiate this foim of the plasmodium fiom the 
full-groun schizont, in which the pigment is motionless, and fiom the 
macrogamete, in which the pigment is arranged in a wreath-like foim and 
IS either motionless oi very sluggishly motile The pigment m the micro- 
gametocyte IS in the foim of fine gianules oi very short slender rods, 
while in the macrogamete the pigment is in the form of large thick rods 

3 The protoplasm in living specimens of the microgametocyte is less 
granular in structure 

4 The presence of the miciogametes or flagella in the miciogameto- 
cyte and the process of flagellation Wliile flagella may very laiely be 
seen attached to maciogametes, it is generally easy to distinguish this 
form because of the peculiar character of the motility of the mieiogamete 
in its endeavor to penetrate the macrogamete 

5 In stained specimens the greenish-blue stain of the protoplasm in 
the microgametocyte serves to distinguish it from the macrogamete, in 
which the protoplasm is stained a deep blue 

6 The microgametocyte has a larger amount of chromatin, collected 
in masses, the whole surrounded by an achromatic zone, while in the 
macrogamete the chromatin is small in amount and is in the form of 
minute dots oi very delicate fibrils, collected near the periphery of the 
parasite, suriounded by an achromatic zone 

The Stained Miciogametes — In stained pieparations the micio- 
gametes or flagella of Plasmodium viva% are observed to be composed 
of a slender lengthened mass of protoplasm which stains a pale blue and 
which contains a certain amount of chromatin, stained a brilliant crim- 
son The chromatin may be situated near the center of the organism in 
the form of a more or less regular mass, or it may be distributed 
throughout the protoplasm in the form of minute granules, or extend 
in the form of a broken thread along the greater portion of the 
length of the mieiogamete Before liberation from the microgam- 
etocyte the microgametes often present a free clubbed extremity, 
but after they have become detached from the parent organism 
the extiemities are always pointed In general appearance the micro- 
gametes resemble the spirochetes, but they are not regularly cuived and, 
of course, the staining reactions, and the more delicate appearance ot the 
microgametes serves to distinguish them from the latter The chromatm 
is very large m amount in the microgamete and not infrequently organ 
isms are observed m which it is very difficult to distinguish any proto 
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plasm, the eulnc organism appealing to be composed of cliioniatin Foi 
this reason the microgametes aie often overlooked in the examination 
of malarial blood, but if attention is paid to this point it will be found 
that not a few stained preparations contain this form of the organism 

THE SEXUAL PORMS OF PLASilODIUlM jUALARIiE (THE QUAETAN 

PLASMODIUil) 

Ficsli PicjmraUons — The gametes of Plasmodium malanoi aie very 
similar to those of Plasmodium viva%, and foi tins reason will be 
described but briefly In then early stages of development they cannot 
be distinguished from the sclnzonts, in fresh blood, but when they are 
full} del eloped they may be distinguished by their larger size, the absence 
of spoiulation, and the greater amount of pigment present 

The Living Maciogamcte — ^The quaitan macrogamete is larger than 
the sehizont when fully developed and ditleis from the latter in possessing 
a nioie gianulai piotoplasm and a gieatei amount of very coarse pigment 
We cannot depend on the motility of the pigment and its aiiangenient 
in difleientiating this form of the quaitan plasmodium, for in the quar- 
tan schi/ont the pigment is often obseiied to be arranged in laige 
clumps about the periphery, but a well-marked wieath-like arrangement 
of the pigment about midway betiieen the center of the organism and 
the penphei} is leiy chaiacteiistic of the macioganiete The process of 
flagellation is nevei obseived in this form of the organism 

The Living Mia ogameiocyte — The description of the miciogameto- 
cite of Plasmodium vivax, alieady given, applies equally well to the 
iniciogametoc}tcs of Plasmodium malance We observe the same devel- 
opment of miciogametes oi flagella, the same relative proportion of pig- 
ment, and the same peculiai “scanning' motilit} in this pigment In 
size the quaitan miciogametoc}te is shghtlj laigei than the sehizont The 
pigment is coaisei in charactoi than in the teitian miciogametocyte 

The Liiing Miciogamcic — The miciogamete of the quaitan plasmo- 
dium IS smallei than that of the teitiaiy but is otherwise similai I 
bolieie that if it neie possible to compare the t\io foims in fiesh speci- 
mens, the quaitan form noiild be found to be considerably thicker than 
tlie tertian and less actnel} motile Aside from the difleience in length, 
nhich ma} amount to seicral micions, it i'^ impossible to distinguish the 
teitiau fiom the quartan miciogamete 

Siatned Picparaiwns — In stained piepaiation^ the gametes of Plas- 
modium malana' lesemble lei} closeh tliose of the tertian plasmodium. 
though thci are smaller and «tain more inten=el\ In then earliest iiitia- 
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coipiisculai stages of development they may be distinguished from the 
schizont by the situation of the chromatm dot within the ring of proto- 
plasm and the absence of a distinct achiomatic zone When fully devel- 
oped they may be distinguished by their largei size, the difference in 
then stainmg reactions, the absence of indications of sporulation, and 
the arrangement and amount of the chromatin 

The Stained Maci ogameie — The protoplasm of the maciogainete 
stains a deep blue and the chromatin a dark crimson When fully devel- 
oped the macrogamete measures from 10 to 12 micions m diametei, so 
that it IS considerably larger than the fully developed schizont, the 
chi om atm is collected at some poition of the peiipheiy in the form of fine 
fibrils or small masses, surrounded by an unstained space, the pigment 
IS coarse and is distributed throughout the protoplasm, and there is never 
any indication of the division of the chromatm, so characteristic of the 
schizont when it has reached the same size The shape of the organism 
IS aliiaj^s oval or ciicular when the smears have been carefully prepared 

The Stained Ihci ogametocyte — The protoplasm of the quartan micro- 
gametocyte stains a pale blue which serves to distinguish it very readily 
from the deep blue macrogamete The chromatin is large in amount, 
stains a deep red or violet, and is ai ranged m a loose skein composed 
of definite fibiils or granules, situated to one side of the center of the 
organism It never shows the evidences of division characteristic of the 
chromatm in spoiulating parasites The quartan microgametoc 3 de is 
much smallei than is the tertian and the staining leactions are moie 
pronounced 

The Stained Miciogamete — ^The miciogametes of Plasmodium 
malanoe are indistinguishable m stained piepaiations fiom those of Plas- 
modium mvax, and the description already given of the latter answeis 
equally well foi the microgametes of this species 

THE SEXUAL POEMS OP THE ESTIVO-AUTUMNAL PLASMODIA 

The sexual forms of Plasmodium falcvpaiuni (the tertian estivo- 
autumnal plasmodium) and of Plasmodium falcipai um quotidianum (the 
quotidian estivo-autumnal plasmodium) aie commonly known as 
“crescents/’ and these are the only malarial gametes having a crescentic 
shape Foi this reason, when fully developed the}'^ aie veiy easily differ- 
entiated from the estivo-autumnal sehizonts, and from the tertian and 
quartan gametes In the young intracorpuscular stage of development 
the crescentic shape is not present, and at this time the estivo-autumnal 
gametes are mdistinguishable from those of the quartan species When 
fully developed the male and female gametes are very easily distmguishe 
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fiom one another It shonld be reraembeied that the piesence of cres- 
centic gametes invaiiably indicates an estivo-autumnal infection, and 
fnithci, that such infection is transmissible to the mosquito 

The differences between the gametes of the tertian and quotidian 
estn o-autumnal plasmodia consist chiefly in variation in size and shape, 
the gencial morphology of both species being identical For this leasoii 
they Mill be consideied togethei, the salient points of difference being 
spoken of m the general description 

The Gstivo-autumnal gametes, like those of Plasmodium iiva^i and 
Plasmodium malancc, develop within the red coipuscles, from which they 
aie Anally libeiated by the degeneration of the latter The microgam- 
etocjtes then undergo flagellation and produce the miciogametes, tlie cies- 
centic miciogametoc 3 te havmg previously become oval and then spher- 
ical in shape The macrogametes also become oval and spherical in shape 
befoie feitilization by the miciogamete, and it is probable that impoitant 
matuiation changes occui in this form during this period of development 

Fiesli Piepaiations — The eailiest stage in the development of the 
eslivo-autumnal gamete cannot be diffei entiated fiom the young schizont, 
but aftei the foimation of pigment the gametes are distinguished by a 
laigei amount of the lattei , their ovoid oi crescentie shape, even in early 
stages of development within the red corpuscle, and their slightei degiee 
of ameboid activity The piotoplasm of the gametes, especially of the 
maciogametes, is moie granular in stiucture, the pigment is daikei in 
color, and the organism is more refractive and sharply outlined As 
deielopment proceeds the infected led cell shiinlcs about the gamete, 
forming an em elope, vhich is veiy noticeable between the poles of the 
crescent, uhere it piojects and forms what is Imovn as the ‘Tib” of the 
descent 

The Liiing Macrogamcic — ^The maciogamete of Plasmodium falu- 
paium, uhen full} de\ eloped, measures from 11 to 15 microns in length, 
and fiom 3 to 5 microns m bieadth, iihile that of Plasmodium falcipai urn 
qxioiidianum measures from S to 9 microns m length In both species the 
macrogametes aie distinguished from the microgametocjtes by their more 
slcndei foim and the airangement of the pigment The protoplasm of 
the estn o-autumnal macrogametes is veil opaque and granulai in appear- 
ance eien in eaily stages of the deielopment of the oiganism within the 
red corpuscle The pigment is dark brown in chaiacter, and aftei the 
de=iruciion of the infected red cell is arranged m a dense ma=s or in a 
\\ rc.ith-like manner, at or neai the center of the organism The fully 
do\ eloped macrogaiiictc possesses a clearh cut =mgle outline, a veiy 
granular opaque proioplasni. and a considerable amount of rod-like pia- 



338 sexual forms OF MALARIAL PLASMODIA 

ment, situated neai the eentei of tlie crescent Preparatory to feitiliza- 
tion the ciescentic foim is lost, the maciogametes first becoming oval in 
outline, and then ciicular, while the pigment becomes divided into small 
chimps airanged in a perfect circle surrounding the center of the paia- 
site Reasoning fiom analogy, it is probable that during this change in 
shape impoitant changes aie occurring in the nucleai chiomatin, in the 
natuie of reduction phenomena Such changes have not as 3 ^et, however, 
been demonstrated While the production of the ovoid and round forms 
from the maciogamete occurs noimally within tlie middle mtestine of the 
mosquito, the process is very frequently observed m blood which has been 
removed for some time from the body The quotidian estivo-autumnal 
maciogamete is smaller than the teitian form, has a smaller amount of 
pigment, which is granular rather than lod-like in structure, a less gran- 
ular protoplasm, while the extremities of the crescent are pointed instead 
of rounded, as they are in the tertian estivo-autumnal macrogamete 

The Living Miciogamciocyte — ^The mierogametocjte of Plasmodium 
falcipaium, when fully developed, measures from 7 to 10 micions in 
length, and from 4 to 6 microns m breadth, while that of Plasmodttcm 
falcipai um quotidianum measures from 6 to 7 microns in length and is 
slightly broader than the tertian microgametoeyte Both are kidney- 
shaped rather than crescentic, a fact which renders their differentiation 
fiom the estivo-autumnal macrogametes a matter of little difficulty The 
protoplasm is less opaque and granular than that of the maciogametes, 
while the pigment is in finer particles and may be distributed throughout 
the protoplasm of the crescent or even collected in clumps at one pole of 
the descent The pigment is generally sluggishly motile, while the paia- 
sites are still intracellular and become very actively so ^ust prior to flag- 
ellation 

After the total destruction of the red corpuscle in which they have 
developed, the estivo-autumnal microgametocytes flagellate in the same 
manner as do the microgametoejdes of the teitian and quartan plasmodia 
The kidney shape is lost, the organism becoming ovoid and lound, the 
pigment becomes very motile, the protoplasm appears violently agitated, 
and suddenly the microgametes are extruded as veiy delicate, motile fila- 
ments, numbeiing from two to four, and, larely, even more Aftei lashing 
about for a while the mierogametes become detached from the paient 
body and disappear among the red corpuscles Tins process occurs nat- 
urally in the middle intestine of the mosquito, but may frequently be 
witnessed in blood containing microgametocytes, after it has been 
lemoved for some time 
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The quotidian estn o-autumnal microgametocjte difieis from that of 
the teitian estivo-autumnal species in the following paiticulais smaller 
si7e, seldom measuring over 7 microns in length;, the smaller amount of 
pigment^ and the ver} plump shape of the organism, closely resembling 
that of a lima-bean 

The Living Mici ogametcs — ^The microgametes of the estivo-autumnal 
plasmodia are indistinguishable from those of the tertian and quaitan 
plasmodia. consisting of delicate, motile filaments, resembling spirochetes 
in fresh blood preparations We possess no data which enable us to 
difierentiate the microgametes of the various species of the malarial plas- 
modia from one another in either fresh or stained material 

Stained Preparations — In stained preparations the estivo-autumnal 
gametes ai e easily differentiated from the schizonts, even in an eailj stage 
of development Before the development of pigment the gametes mai be 
distinguished from the schizonts by their spherical shape and the lack of 
the ‘Ting'’’ form so chaiacteristic of the estivo-autumnal sehizont At 
this stage of development the gamete consists of a circular portion of pro- 
toplasm, which stains blue, enclosing a dot or minute clump of chromatin, 
stained a deep led or violet After the development of pigment the 
gametes are distinguished by their o\oid oi crescentic shape, even while 
contained in the red coipuscle, the presence of a largei amount of chio- 
niatin, and the presence, in properly stained specimens, of a deep led 
band encircling the parasite When fully developed the gametes aie most 
easil} distinguished bi their ciescentic shape 

The Stained Maciogamcte — The staining leactions of the estno- 
autumnal macrogametes are the same as those of the teitian and quartan 
foims, 1 e , the piotoplasin stains a deep blue and the chromatin a bril- 
liant led or violet The protoplasm stains most intensely in the joung 
inlracGllular macrogametes and this is also true of the chromatin Wlien 
full} del eloped the protoplasm of the crescentic macrogamete stain'; 
deep]} blue, the color being most intense at the poles of the crescent, not 
infroquentl} deeph stained areas are obsened, especialh numerous neai 
the poles of the crescent The chromatin is situated at or near the centci 
of the macrogamete ‘•tains a light led or pink, and is not infrequent!} 
obscured b} the pigment vliicli being collected at the center of the oi gall- 
ium appeal;; to be mixed with the chromatin In man} in‘;tances tlie 
chromatin is obsened to lie at the center of the crescent, surrounded bi 
a perfect ring of pigment granules ilan} interesting laiiatioii'; are 
noted in the staining reactions of the macrogametes most of them due to 
pre-surc during the preparation of the specimen, or to artefacts produced 
durnnr ibi.' staining piocess 
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The lemams of the led blood corpuscle smroundmg many of the 
macrogametes stains a salmon or pink color, thus forming a smooth pink 
boidei to the crescent, oi this border ma}' be broken and jagged in appear- 
ance, 01 missing at some portion of the periphery of the crescent The 
so-called “bib” of the crescent is often beautifully shown in stained speci- 
mens, consisting of a faintly stained pink mass Ij^mg within the concav- 
ity of the crescent, the projecting border staining a deeper pink or red 
Such gametes aie still intiacorpuscular, although the ciescentic shape is 
fully developed 

Some of the maciogametes, which aie apparently extracorpusculai, 
present a ^ery deeply stained red bordei, the nature of which is still 
uncertain A similar red border is not infrequentlj observed surrounding 
the young intracoipuscular gametes, so that it is not probable that it is 
due to the substance of the infected red corpuscle In addition, the stain- 
ing reaction is different, the protoplasm of the red corpuscle staining a 
light red oi pink, ivhile the edge of the gamete stains a deep red, very 
similar to the staining leaction observed in the chromatm 

The following features serve to distinguish the estivo-autumnal mac- 
rogametes from the miciogametocytes in stained preparations 

1 The long slender shape of the crescents 

3 The chaiacter of the chromatin uhich is situated at or neai the 
center of the crescent in a dense mass oi irregular clump 

3 The deep blue staining of the protoplasm 

4 The concentiation of the pigment at oi near the center of the 
organism, m the form of masses, or in wreath-like manner, surrounding 
the chromatin 

The Stained Mici ogametocyte — ^The protoplasm of the microgameto- 
cyte stains a delicate robm^s-egg blue, very different from the deep blue 
or purple of the macrogamete In some instances the protoplasm refuses 
to stain The chromatm is arranged in the form of a loose network com- 
posed of delicate fibrils and granules which stain a deep pmk or light 
red Sometimes the chromatm appears to be divided into several clumps 
distributed throughout the protoplasm The pigment is distributed 
throughout the protoplasm, stains a greenish brown, and is in the form 
of fine granules or veiy short rods Some portions of the microgameto 
cytes stain more mtensely than others, giving the crescent a peculiar 
blotchy appearance, and sometimes only the border of the crescent tarns 
the stain The chromatm not infrequently stains so poorly as to be baiely 
distinguishable The remains of the red blood corpuscle, in w ic e 
microgametocyte has developed, stains m the same manner as 
for the maerogamete The chromatin of the ovoid and roun orms. 
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which develop from tlie inicrogametocj’te, is airanged in small clumps 
. about the peiipher}' and stains a deepei led than while the oiganisms aie 
ciescentic m shape 

The points already mentioned in distinguishing the tertian esti\o- 
autumnal mici ogametoc} te fiom the quotidian aie ohseived in stained 
specimens of blood, and, in addition, it is found that the quotidian micio- 
gametocide contains a laiger amount of more intensely stained chiomatin, 
while the piotoplasm also stains a deepei blue than does that of the tei- 
tian estivo-autumnal miciogametocjte 

The estivo-autumnal microgametocyte may bo leadily diffeientiated 
fiom the macrogamete bj attention to the following 2 iomts 

1 Shape The plump kidney shape 

2 Staining reaction The pale blue staining of the piotoplasm and 
the le=;s intense staining of the chiomatin 

3 Chiomatin The arrangement of the chromatin in the foim of a 
loose netwoik 

4 Pigment The distiibution of the pigment tluoughout the pioto- 
plasm 

0 Si 7 C The miciogametoc}tes aie shoitei and broader than aie the 
maciogametes 

The above desciiption of the moiphology of the sexual forms of the 
malarial plasmodia observed in fiesh and stained specimens of human 
blood includes only those points which are of importance in diagnosis, 
man} minute details of the structure of these interesting bodies haie 
not been touched on for the reason that tlie} can be studied onl}' where a 
large amount of material is aiailable. are not of importance from a diag- 
nostic standpoint, and arc not of constant occur lence It is believed that 
attention to the difleiential details described in this paper should enable 
ail} one, w ith a little practice, to be able to diagnose these forms 

I’LIlCLNTAGi: or PATIENTS IN WHOM GA:METES OCCUR 

As onh those indniduals in whom the sexual forms, or gametes occui 
aie capable of transmitting malaria to the mosquito and thus, indirectly, 
to man, it is of interest to know how large a peicentage of our malaiial 
patients become “earners The number will %ar}, of course, in different 
localities owing to conditions faAoiing the persistence of the infection^ the 
npc of infection jire'ent, the thoroughness with which treatment is cai- 
ned out and perhaps: othei conditions with which w’e are as let unfamil- 
lai This ^ubicct has been most thoroiighi} studied in estivo-autumnal 
iiifcctioii= bctau=e of the ease with which the crescentic gametes are rccog- 
ni ed dlie data we pos=e== show bciond question that the pcrccntaire of 
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patiCDts liaviBg gametes m their peiipheial blood varies consideiablv m 
difteient localities and that the incidence of gametes in the peiipheial 
blood cannot be taken as a tiue index of their actual occurrence in the 
body, foi in many instances it has been demonstrated that blood obtained 
by splenic puncture ivill be found full of gametes when none can be found 
in the peripheral blood Eogeis* observed descents in only 10 per cent 
of the cases he studied in Euiope, uliile Deaderick® states that m liis 
expeiience they aie very rarel}^ obseived in the peripheial blood In my 
expeiience gametes have been observed in a little ovei 33 per cent of my 
cases of estivo-autumnal infections A longer seaich might have consid- 
eiably increased this percentage, foi it often lequires the patient examina- 
tion of several specimens of blood to demonstiate the piesenee of cres- 
cents in estivo-autumnal infections In the instances of recuirent infec- 
tion in Filipinos whom I studied, to whom no quinin had been admm- 
isteied for weeks oi months, descents occuried in fully 80 per cent of the 
infected individuals, and were as numeious in the adult Fihpmos as m 
the cliildren Mauson® believes that the estivo-autumnal gametes aie more 
fiequently observed m patients who have contracted their malaria m the 
tropics and have returned to temperate regions, and that gametes aie moie 
larely observed in the tiopics I cannot confirm this opinion, as in my 
expeiience as large a propoition of patients in the Philippines, if 
untieated, show gametes as in the United States Soldiers returning from 
Cuba and the Pliilippines, and suffering from recuirent malaria after 
then return, did not show a laigei percentage of mfections with crescents 
than soldiers serving in tliose countries and suffering from malaria while 
theie, and it is not at all uncommon to obsei\e crescents in the peripheral 
blood of the Filipinos 

From what has been said it is evident that the percentage of cases 
showing estivo-autumnal gametes varies considerably, but it may be said, 
without danger of contiadiction, that a large majority of our patients will 
develop these bodies unless thej”' are properly treated with qumin I 
believe, flora my observations on a native race, the Filipinos, that at least 
80 per cent of our estivo-autumnal patients will become carrieis of this 
type of infection unless thoroughlj’' treated 

We possess but very little data eonceinmg the percentage of patients 
infected with the teitian and quartan plasmodia in whom gametes develop 
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I have found that about 50 per cent of tertian and quartan infections 
which I observed showed a few gametes m the peiipheial blood, piovided 
the infections had persisted for some time and quinin had not been 
admini'^tered during the first week or two of the infection Heie again, 
it 1 C not safe to infer that no gametes are dei eloped because thev mai not 
be deni onsti able in the peripheral blood, as it is piobable that in these 
infections as in the estivo-autumnal gametes would be often found in the 
cpleen and bone-marrow 

"While the absence of gametes fiom the peripheral blood would appeal 
to demonstrate that the individual is not a cairier of raalaiial infection, 
and while, for practical purposes, such individuals ha^e to be considered 
as safe in this lespect it does not follow' that such is really the case for 
file gametes ma} be present m the inteinal organs and find their wai into 
the penpheial circulation at intenals in sufficient numbers to infect mos- 
quitoes, or tliey may be present in such small numbeis in the peiipheial 
blood as to render then demonstiation impossible, and 3 et the blood may 
be infective As regards the lattei statement it should not be forgotten 
that other blood protozoa, such as the tr 3 panosomes and spirochetes, often 
occui in numbers so small in the penpheial blood as to rendei their dem- 
onstration impossible, although the blood is infectne to animals A 
gieat deal of woik needs to be done on this subject before we can be sine 
of our premises, and the recent expeiiments of Darling" aie a step in the 
light direction His obsenation that the peripheral blood must contain 
a certain number of gametes m order to be capable of infecting the mos- 
quito IS lerj suggo=tne, but needs confiimation b}’ a large number of 
e\pei iinents 

Tin: TIME or occuiirenci: or the sexual roRiis 

It IS unneisalh admitted that gametes do not deielop until the mala- 
iial infection has peisisted foi several dais uninfluenced bi quinni The 
length of time requned foi the deielopment of the gametes of tlie estno- 
‘uuumnal plasinodia larie^ from eight to fifteen dais the u^ual peiiod 
being about twelve dais In other word=: an e'^tiio-autumnal infection 
inu'-t haic persisted for nearli two weeks before we can expect to find 
ere^conts in the peripheral blood The gametes of Plawiodium tnar 
and Plasmodium malaria: appear in the penpheial blood in fiom seien to 
len dais ifter the onset of definite snnpioms of infection 

It dionld be remembered that the malarial infection mav haie been 
pri^cnt 101 a considerable time before the occuriencc of definite simptom= 

7 r»\rl)>iir 1 3rin=ini=‘;ion of Mnlirnl rr\(r in tin t-iinl 7on'' bv 
At vipstilo'- lto-qnit<», c Jour Am Ac-n 1000 hii 
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SO that the actual tune required foi the development of gametes may be 
much loDgei than is generally supposed from our examinations of the 
peripheral blood after the occurrence of symptoms Again, the blood may 
contain gametes before any symptoms of malarial infection have been 
noted I have observed gametes in cases of latent malaria in which no 
malarjal s3'mptoms had evei occuiied, so that we may find these sexual 
forms piesent on the very fiist da}' ot an obvious infection 

The fact, howevei, that seveial days elapse aftei the occurrence of 
sjunptoms before gametes appear in the peripheral blood, m the vast 
majority of patients, is of the gieatest importance from a prophylactic 
standpoint, as will be mentioned later It is also very significant as 
regards the origm of these bodies, and appears to indicate that they are 
not introduced into man by the mosquito, but that, as Schaudiim^ 
believed, they aie differentiated during the human life cycle of the plas- 
modia as the result of the leaction of the human system to the plasmodia 
Certainly all of the evidence we possess points to this conclusion 

THU EPFECT OP QTJININ ON THE SEXUAL POEM 

The consensus of opmion is that aftei the gametes of the various species 
of plasmodia are fully developed quinin has no action on them, so fai as 
their development within the mosquito is concerned. In the early intra- 
corpuscular stages I have observed marked changes in their staining leac- 
tions which lead me to believe that durmg this period in their develop- 
ment quinin is capable of injurmg them and preventmg their full devel- 
opment, for the protoplasm and chromatm stains atypicalLy and the latter 
IS reduced in amount If quinin be given promptly durmg the initial 
attack of fevei it will effectually prevent the development of gametes in 
the vast majority of infections, in those cases in which it does not do so 
it IS probable that the infection has been present foi some time m a latent 
state and that gametes have developed before the appearance of symptoms 
The experiments of Schoo,® while not confirmed, appeal to indicate 
that the teitian gametes may sometimes be prevented from development 
m the mosquito by the administration of quinin He found that in two 
tertian cases, the patients being bitten by Anopheles before the adminis- 
tration of quinin, nearly all of the insects became infected, while the same 
individuals, bitten after the administration of this drug, were unable to 
infect any of the mseets These' observations are at variance with those 

8 Schoo, F Wat kan er aan Piophylavis der jMalarm m Kedeiland gedaan 
worden’ Nedeil Tijdsclu Geueesk, 1902, 974 
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of nian> jn\ estigatoi s and should he caiefullj repeated The fact that no 
morphologic changes occui in the fulty developed teitian gametes after the 
adminisliation of quinin is pietty good evidence that the diug cannot 
affect them so seiiousl}' as to preient then furthei development m the 
mosquito 

No moiphological changes occur in the fully developed quartan oi 
estivo-autumnal gametes after the administiation of quinin to patients 
m whom these foims aie present The cstivo-autumnal descents aie 
capable of development within the mosquito even though the diug has 
been administered foi weeks, as has been proven by Marchiafava ^ 
Gnaldid® Maitnano “ Bailing" and others On the Isthmus of Panama 
Bailing^ found that the development of malaiial gametes in the middle 
intestine of A alhimamis was not affected by quinin ^Svhen such an 
infected mosquito feeds daily or on alteinate days foi fifteen days on 
patients who aie receiving 30 giains of quinin in solution daily In these 
instances the 7.Ygotcs mature and sporozoites leach the salivai}* glands in 
the usual period ” 

The obsei rations of Bailing piove that the administration of quinin 
to patients uhose blood contains tertian and estivo-autnmnal gametes 
results in the gradual disappearance of these foiins from the peripheral 
blood lie found that the administration of 30 grains of the ding in 
solution per dav was capable of reducing the number of crescents in the 
pcripheinl blood fiom 67 per 100 leucocytes to 1 per 200 leucoc}te3 in 
twentv-fivc davs, while in another case the crescents were reduced from 
92 pel 100 leucocvtes to 1 per 100 leucoc 3 tes in fifteen days On the 
other hand, in cases m which quinin was not administeied the descents 
appeared to increase lathei than diminish in tire peiipheial blood As 
the lemlt of these expciiments Barling concludes that the administiation 
oi quinin in gamete-can leis is of the greatest importance in tlie pro- 
phvlaxis of malaiial disease 

\u:miiui 01 GVMnns xrcr'^svny rou iniuction oi the mosquiio 

It IS but reasonable to believe that the periplieral blood must contain 
a ccitaiii nninbci of gametes in ordei to lendei it infective to the mos- 
quito but I know of onlv one investigator v\ho has undei taken to piove 

*• M'Uthnfwi 1 Mxlnni I\\ont!Ct)i Crnt»r\ I’rTClicf m\ Etl I 
Voilv I'lOO Wiilimn Wood Co 

10 l.inldi 1 uul M irtiraiio, 1 L trioiip (toila tlminn «ulle ‘'Ciinhino \iin 

tl li; '-Ji.'r 1001 \l a 

11 M \rii’ 1 Ann d ig ‘-pu lOfi] m (, 
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the mimber necessaiy for such infection In a very ingenious senes of 
experiments Darling^ ]ias ai rived at the conclusion that the peripheral 
blood must contain at least 12 descents pei cubic centimetei or inoie 
than one pei 500 leucocytes in oidcr to be infective to the mosquito, and 
that patients "whose blood contains this numbei should be regarded as 
gamete-cairieis and kept in hospital until, by the administration of 
quinin, the number is reduced beloiv this minimum Darling arrived at 
his results by comparing the numbei of descents present u'lth the number 
of leucocides, estimating the amount of blood ingested by the mosquito 
m biting by weighing the insect both before and after eating, and then 
calculating the number of descents contained in the amount of blood 
ingested While the results of these expeiiments aie veiy suggestive, it 
should be lemembered that many factois have to be consideied in making 
such compaiisons The presence of a slight or marked leucoc}’tosis, local 
congestions, factois determining the number of gametes present m the 
peiipheial blood and in the intenral organs, all have to be carefully 
■weighed m reaching a true understanding of the significance of such 
investigations 

As regards the reduction in the number of gametes in the peripheral 
blood after the administration of qiiinin, ue should not be too hasty m 
concluding that such reduction means the destiuction of these bodies, for 
it is much more piobable that they are simply driven from the peripheral 
circulation to the spleen and bone-marro'^v, for ive possess no data show- 
ing ihat quinin produces any changes whatever in the morphology of the 
fully developed gametes The disappeaiance of the gametes from the 
peripheral blood may, of course, render the blood non-mfective for the 
time being but we do not know how long a period elapses before the 
gametes may reappear rn the peripheral circulation and the blood become 
infective It appears to me that, while it may be good practice to keep 
our malarial patients in tlie hospital until the gametes are reduced to the 
number mentioned by Darling, it would be better to keep them until the 
gametes entirely disappear from the peripheral blood Even then we 
should not be too sanguine as legaids the future non-infectivity of such 
patients foi man}^ malarial patients relapse in whom no gametes can be 
demonstrated in the peripheral blood 

CONCLUSION 

Erom what has been said regarding the action of quinin on the mala- 
rial gametes it is evident that if we thoroughly treat our malaiiai patients 
durmg the initial attack of the disease we shall prevent the formation of 
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these bodies and, theiefore, the tiansmission of the infection to the mos- 
quito A gieat deal of the malaria pievalent in every malarial locality is 
directly tiaceable to impiopeily tieated patients, and the prophylaxis of 
the disease will be immensely helped by the thorough treatment of every 
infection The practice of legarding such infections as cured because the 
active symptoms have disappeared is a most common and a most perni- 
cious one, and one that is responsible foi the tiansmission of a very laige 
pioportion of malaiial disease Eveiy malarial patient should be kept 
on qiimin foi at least a week oi two aftei the disappearance of symptoms, 
and should take tlie drug, in 10-grain doses, once a week for two months 
after the acute attack 



Ill THE COMPAEATIVE VALUE OE VASOMOTOE DEUGS IN 

EENAL HEMOEEHAGES 

CARLJ WIGGERS, MD 

AKJf ABBOR, MICH 
I INTRODUCTION 

Since the loiveiing of blood-pressui e during hemorrhage contributes 
mateiially to its natural diminution^ it is argued that a further reduction 
in piessure should favor a more piompt cessation This doctrine, so fre- 
quently emphasized as fundamental m the treatment of bleeding, loses 
sight of the important fact that, dui mg a hemorrhage, all the protective 
mechanisms of the body are called into play to maintam the blood- 
pressuie, so that the brain, which is the organ most susceptible to anemia, 
shall receive a supply appi caching the normal To accomplish this the 
peripheral vessels constnct, the heart beats faster and lymph flows in 
from the surroundmg tissues ^ Consequently, I have contended that any 
agent that counteracts these mechanisms is as unphysiologieal as those 
that increase the bleeding 

A study of the effect of vasomotor drugs on the activitj of the 
respiratory centei during hemorrhage has strengthened this view If an 
anesthetized animal, but one not under the influence of morphin, is 
allowed to die from repeated hemorrhages, it is found that, first, a stimu- 
lation and later a depression of the respiratory centei occuis The noi- 
mal regular respiiations are gradually supplanted, fiist by a tj^pe in which 
long inspirations periodically recur, then, as the loss of blood continues, 
by a type characterized by an increase in rate and depth of inspiration, 
and often by an active expiration This is the stage of active stimulation 
Eollowmg this, respiration again becomes slow and shallow, finally ceas- 
ing altogether A subsequent gasp or two marks the end How it lol- 
lows that a sudden lowering of pressure by vasodilating drugs during any 
stage of hemorrhage brings on a type of breathing of the next lower 
order An animal whose respiration is still normal becomes dyspneic 
(Eig 1) , in one that alieady gives evidence of respirator} stimulation, 
the breathing becomes more shallow and often ceases In each ease the 

^ This investigation, one of a senes of studies in inaccessiDle internal liemor 
ihages, was carried out during the summer of 1909 at the Research Laboia orr 
of Parke, Davis & Co , Detroit, Mich 

1 FrCdSricq Travairs. du Laboratoire de Li6ge 1885 
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respiratory center is set a notch toward the side of death If, on the 
other hand, the pressure is raised, the respiration reverts to a preceding 
type An animal in marked dyspnea cabns down to qniet breathing 
(Fig 2 ), and one whose respiration has entirely stopped may even be 
aioused to respiratory activity In each case the respiratory center is set 
a notch toward the side of recovery 





■ t 1 H - t_ I - I - I — I j I , . 

to see 

Pig 1 — ^Record showing dyspnea induced by loweiing the blood-pressuie dur- 
ing a hemorrhage by 1/100 gram nitroglycerin (administered at point indicated 
by star), B P, blood-pressure, R, respiration, downstioke, inspiiation, up- 
stroke, expiration 

These observations emphasize the importance of using drugs in inter- 
nal hemorrhage which, by their introduction into the body, shall not only 
check the bleeding, but shall also simultaneously elevate the arterial pres- 
sure Having already investigated the hemostatic value of ceitain 



Pig 2 — ^Record showing beneficial influence exerted on an existing dyspnea by 
raising the pressure during hemorrhage by 0 01 mg adrenalin Letteiing same as 
before 

pressure-raising drugs on hemorrhages derived from intestinal and pulmo- 
nary vessels, it became of interest next to investigate their comparative 
hemostatic value in renal hemorrhages 

II TYPES OE EENAL HEMOBnH:A.GE ARD THEIR EXPERmBNTAL PEOD'OCTION 

Eenal hemorrhages may be classified according as they are derived 
(a) from large arteries, (b) from small vessels and capillaries, or (c) 
from veins Fortunately, the vascular arrangement of the kidney is such 
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that, by appiopiiate incisions, each t^pe may be cieated and studied 
expel imentall} The coitex of tlie kidne} contains almost entiiely les- 
sels of small calibei, hence a coitical incision wounds only the smallei 
lenal lessels In the posteiioi row of lenal calices there is an aiea, 
accoiding to Biodel,= wheie an incision avoids the large aitenes, but 
iioiinds the laige collecting leins An incision made about 5 mm posteiioi 
to the com ex boidei is followed, as a rule, by a slow stieam of daik 
bloody indicating that a venous hemoirhage has been created To sup- 
plement tins stud}, the flou fiom one of the lenal veins v as in a nunibei 
of cases diicctl} measuied Laige aiterial hemorihages weie created by 
deep incisions made on the anteiioi suiface of the kidne} The bright 
coloi of the blood, the spin ting stieam and the lapid fall in pressuie left 
no doubt as to the souice of bleeding Pievious to making these incisions, 
the kidney was brought tlnough a cut in the abdomen and held outside 
by a paitial closuie oi the uound bi hemostats To record the flow of 
blood fiom those kidne} wounds, the animal vas flxed on an inclined 
annual board so tliat the kidne} came diiectly o\ei the pan of the hem- 
01 1 hage-i ecoi ding appai atus 

III ADRENALIN AS A nEJIOSTATIC 
In Coitical Ilcinoiihagcs 

Sixteen expeiinients to deteimine the influence of adienalin on cor- 
tical hemorihages uere made In these it uas found without exception 
that 0 02 to 0 1 mg of adienalin injected intrai enously caused a prompt 
diminution of liemoiiliage sjoichionous vith the use in pressure 
The larger the dose administeied the more complete vas the cheeking 
of the bleeding As the pressuie returned to noimal, lioueiei, the loss 
of blood inci eased again, though nevei to such an extent as befoie 
injection (Fig 3 c) The peimanent deciease is accounted for b} the 
fact that clot foimation was favoied duiing the action of adienalin 
When the intiaienous injection of a 1 200,000 solution was continued 
foi fiom thiee to four minutes slowly, instead of being injected rapidly, 
or when 0 5 to 1 mg was given intiamuscularly (Fig 4), the deciease 
in hemoirhage became peimanent and the rise of piessuie vas pro- 
longed Venous Ilemoiihages 

Ten tests showed that adienalin in doses ranging fiom 0 01 to 0 1 mg 
caused, as in coitieal henioiihages, a decrease m bleeding sjmclironoiis 
with the ri«e in blood-pressiiie Laigei doses uere more efiiective than 
the smaller ones The reduction in the bleeding diffeied, houeier 


2 Brodel Bull Johns Hopkins Hosp , 1901, xii, 10 
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from that noticed in eoitical liemoiihages by lemainmg peiinanent after 
the piessiiie fell (Figs 3 and 4) The explanation of tlii'’ diffeience 
IS apparently siinjile Adrenalin i educes bleeding fioiii the veins largely 
thiough its constriction of the small arteries^ and the diminished flow 
of blood into the veins facilitates clot formation ovei the wound As 
the small aiteiies lelax after the adienalin action has passed off, the clot 
which has partially occluded the bleeding veins is not diiectly inter feied 
with 


T 



Fig 3 — Five cuives illusti ating effect of adienalin on the vaiious types of 
renal henioi rliage liansfeiied fioni sepaiate lecords by means of a pantogiaph 
AS AS AS effects of 0 05 to 0 002 and 0 005 mg of adienalm lespectively on 
aiteiial liemoiihages, e, effect of 0 02 mg adienalm on eoitical hemoiihage, v, 
effect of 0 02 mg adienalm on venous hcnioiihage, T, time in 10-second peiiods, 
v, points wheie adienalm action began 


In Aiterial liemoiihages 

Twenty-one tests showed that the influence of adienalm on these 
hemorrhages was less favorable With the rise of pressure following a 
single mtiavenous infection the bleeding sometimes increased, sometimes 
decreased, and often remained unaltered The results evidently beai a 
direct relation to the dose injected Thus, as shown in Fig 3, A, 0 05 
mg caused an increase in bleeding, 0 01 mg no change and 0 005 mg 
a decrease Evidently there is, in the laiger aiteiies, an antagonism 
between its local action on these vessels and the rise of blood-pressuie 
occasioned, and only doses which elevate the pressuie but little are 
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adequate to check bleeding Intiamuscular injections which laise the 
pressure slightly but permanently distinctly favored cessation 

Summary 

Although most renal hemonhages are probably derived either from 
the smaller arteries or the veins, the possibility of their origin from 
the large aiteries of the kidney must not be overlooked Since it is 
practically impossible to differentiate between the different forms of 
hemoirliage it becomes impeiative to use such a dose of adrenalin as 
IS not detiimental m any foim Eeference to a tabulai summary will 
facilitate the selection of such a dose 



Fig 4 — Effect of 0 1 mg adrenalin given inti amuscularly H, cortical hemor- 
rhage, B P, blood-pressure, T, time in seconds, B, respiration 


summary of the effect of various doses of adeenalin 


Dose 

Cortical Hemor- 
rhage , 

Venous Hemorrhage 

Aitenal Hemor- 
ihage 

Intravenous dose 

0 01-0 02 mg 

Fair decrease last- 
ing during rise of 
pressure 

Fair decrease per- 
manent 

Slight decrease or 
no change 

Intravenous dose 

0 05 0 1 mg 

Marked decrease 
lasting duiing rise j 
of piessure 

Marked decrease or 
cessation, peiman- 
ent 

Slight or marked In- 
crease while pres- 
suie remains up 

Slow and prolonged 
intravenous Injec- 
tion 0 01-0 04 mg 
per minute 

Decrease, later ces- 
sation 

Marked decrease or 
cessation 

—1 1- "q - T 

Prompt ’ cessation, 
permanent 

Slight decrease, ces- 
sation favored 

Intramuscular dose 

0 5 to 1 mg 

Prompt cessation, 

peimanent 

Slight decrease, ,or 
no change 


From a consideration of the above summary we may draw the fol 


lowing conclusions 
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1 Large doses of adreDalm (0 05 to 0 1 mg ), which are peculiarly 
powerful m checking venous and cortical lenal hemorrhages, actually 
augment the bleedmg from the large arteries 

2. Smaller doses (0 01 to 0 02 mg ), causing a fan decrease in 
cortical and venous hemorrhages, also cause a decrease of arterial hem- 
orrhages, or at least do not increase them These are the doses of 
choice when a differential diagnosis is impossible 

3 The slow mtravenous introduction of a 1 200,000 solution of 
adrenalin favors checking of all hemorrhages at the same time that the 
rise of pressure is permanent. 

IV THE INELUENOE OF PITUITAET EXTRACT 

The use of pituitary extract as a pressure-raismg drug possesses 
the advantage over adrenalin that it causes a prolonged rise of pressure 
after a single intravenous injection, which makes it especially valuable 
to mamtain a proper supply to the brain during hemorrhage Accord- 
ingly, an investigation of its value as a hemostatic in renal hemorrhages 
seemed desirable For this purpose the pituitary extract prepared by 
Parke, Davis & Co , according to the method described by Aldrich®, was 
tested intravenously m doses of 0 5 to 2 c c 

Results 

The results of thirty-six injections showed that pituitary extract 
exerted a far less favorable influence on renal hemorrhages than did 
adrenalm In the venous and cortical types of hemorrhage it was fre- 
quently found that an elevation of arterial pressure of from 10 to 20 
mm was accompanied by a gradual decrease in bleeding, though many 
times no change occurred (Fig 5) The diminution never occurred with 
the promptness or completeness characteristic of adrenalin This observa- 
tion suggested the query whether the decrease in bleeding was due to the 
action of pituitrm or appeared merely as a coincidence in these cases 
Three sets of experiments inclined me to the latter view First, pituitary 
extract never caused a decrease in arterial hemorrhages, m fact, it dis- 
tinctly increased them when the pressure rise exceeded 10 to 15 Tnm 
Second, the flow of blood from a renal vein tended, when the blood had 
been rendered non-coagulable, rather to increase than decrease after its 
administration (Fig 6) Third, oncometer tracings of the kidney taken 
in ten experiments showed that the kidney volume also followed the blood 


3 Aldncli Am Jour Physiol, Proceedings of the Society, 1908, xxi, 23 
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piessuic (Fig G) The change^ \soic ncvei opposite or showed even 
tempoiaiy signs of such a tendency as uas the case with adienalin These 
o]iser\ations aie in accoid with the results of iMagnus and Schafer/ who 
also found that, though the volume of the spleen, intestines and limbs 
diminished tlial of the kidnei ahiais inei eased aftei pituitary extract 
These lesults shou conelusnely that an} deciease in bleeding which 
occuiicd could not ha\e been due to the influence of the extiact on the 
icnal ^essels, but must be attiibutcd lathei to the natuial coagulation 
piocess 



Fig 5 — ^EiTect of 1/3 cc pituitaij extiact on coitical lienioriliage Lettering 
same as before 

Attention may be directed to the fact that this statement in no way 
denies the ability of pituitaiv extiact to constiict the renal vessels, 
although it must be admitted that no conclusive evidence of such action 
has yet been bi ought foiwaid We aie concerned here, as in the case of 
adrenalin, not with the question of a drug’ s abilit}"^ to constrict the renal 
vessels, but whethei the local constiiction is sufficient to counteiact oi 
overpower the use of blood-piessuie occasioned This the constiiction 
caused by pituitaiy extiact is unable to do 

Summaty 

1 Pituitaiv extiact is infeiioi to adienalin as a hemostatic in lenal 
hemonliage If too laige an injection be not given, lenous and coitieal 

4 Magnus and Sell if er Joiu Physiol , 1001 xxvii, Pioc Pins Soc,Lon , 
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liemoirliages continue to deciease natmally Irom coagulation of the 
blood;, while arteiial hemorihages aie but rarely incieased 

2 Pituitaiy extiact does not constiict the lenal vessels sufficiently to 
counteiact the general use in blood-piessure 

3 Since pituitary extiact in mtiavenous doses of 0 5 to 1 c e does 
not actively increase hemoiihages. it may be used in those eases in which 
hemorrhage has ceased, but a peimanent elevation of the blood-pressuie is 
demanded 



Fig 6 — Effect of 0 5 cc pitiutaij evtiact, administeied at point indicated by 
stai on flow of blood fiom left lenal vein (V 0), on volume of light kidney (K 
V), on blood piessuie (BP) and on lespiration (B) T, time in seconds 

V THE IHELUEKCE OF ERGOT (eRGOTOXIH) 

The evidently beneficial results from the use of ergot in uterine hem- 
onhages has given the drug a reputation of being efficacious, through its 
vasoeonstricting power, in checking the bleeding fiom other organs 
Such therapy is entirely empiiical, however, foi it is now known that its 
beneficial influence in uterine hemoiibage results from its action on the 
nmscJe of that oigan rather than on the blood-vessels 

It has been with great reseive and caution that clinicians have trans- 
feiied the vasculai actions of ergot, as determined by animal exiierinients, 
to patients This attitude has apparently been just, for it has always been 
difficult to harmonize what seemed definite evidence of its vasoconstrict- 
ing ability, with the great fall in piessuie, followed at the most by a feeble 
use, when an mtiavenous dose of eigot was given to animals ° 


5 Sollmann, T , and Blown, E D Joui Am Med Assn , 1905, xlv, 234 
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This state of affairs has largely been due to the fact that, by the intra- 
venous administration of crude ergot preparations, so many substances 
are introduced mhich act to neutralize and complicate the effect of its 
constricting principle, ivhereas many of these accessory substances either 
are not absorbed or are neutralized or destroyed when the drug is given 
subcutaneously This accounts for the fact that intramusculai injections 
induce only a rise and never a fall of pressure 

Although ergot when intramuscularly given is clearly a pressure- 
raising drug and, in this respect, may be deemed of advantage in hemor- 
ihage, proof is still wanting that it is capable of producmg a constiiction 
of the lenal vessels out of proportion to the rise of pressure induced, a 
condition necessai}^ in oidei to prove a hemostatic This question was 
investigated in this research 

The rate of absorption of ergot preparations from mtramuscular tis- 
sue IS so slow as to present an obvious difficulty in determinmg its effect 
on the bleeding The difficulty is obviated, however, by the intravenous 
use of eigotoxm, which is generally admitted to be at least one of the 
active principles of ergot The ergotoxin phosphate used m these experi- 
ments was kindly prepared by Dr Brauns according to the method of 
Kraft ° A stock solution was made by dissolving the ergotoxm phos- 
phate in distilled u ater slightly acidulated with phosphoiic acid 

Effects on Blood-Pi essui e and Respiration 
The effects produced by ergotoxm during hemorrhages were deter- 
mined in tliiity experiments One-tenth milligram was found sufficient 
as a first dose to elevate the blood-pressure from 10 to 25 mm , while as 
much as 0 5 to 3 mg were necessary to mduce a similar rise on second 
injection This fact unfortunately interdicts the use of more than a 
single injection in hemorrhages, for the larger doses markedly depress 
the respiratory centers After such an mjection the breathing becomes 
slower and shallower, or takes on a characteristic Cheyne-Stokes type, 
followed by respiratory failure Variations in the blood pressure also 
occur which at first suggest a rhythmic vasomotor action (Traube-Herino 
waves), but which, in some cases at least, are evidently caused by the 
mechanical effects of the respiratory rhythm (Dig 7) The resistance to 
subsequent hemorrhage is also decreased, as is shown by the fact that ogs 
stand the loss of a smaller quantity of their blood aftei a previous dose o 

ergotoxm 


6 Kraft Arcli de Pliaimaeod , 1906, ccxliv, 550 
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The pressure-raising ability of ergot wanes as the loss of blood 
increases In these experiments it was found that a dose of ergotoxm, 
causing a great and prolonged rise of pressure in a normal animal, 
created only a temporary rise oi none at all in a bleeding one, the effect 



Pig 7 — Segment of lecoid showing Cheyne Stokes breathing induced by ergo- 
toxin and the mechanical effect of this breathing on blood-pressure 


being determmed by the extent of hemorrhage (Pig 8) Sollmann'^ has 
shown similarly that the pressure-lowermg ability of crude eigot prepara- 
tions depended on the volume of blood lost 




n 

-rj- 

Fig 8 — ^Effect of hemorrhage on the blood-pressure reaction following an in- 
3 ection of ergotoxm A, 2 mg ergotoxin on normal dog B, 1 mg ergotoxm after 
a hemorrhage equal to 2 per cent body weight C, 2 mg ergotoxin after a hemor- 
rhage equal to 3 5 per cent body weight D, 2 mg ergotoxm after a hemorrhage 
equal to 4 5 per cent body weight 

Prom these considerations it becomes clear that the pressure-raising 
value of ergot is limited to the early stages of hemorrhage, and that it 
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VASOMOTOR DRUGS JX RDX \L RDMORREAGES 

does not 3nipio\c the lespiiatoi^ cenlei as adienalin and pituitary extract 

do In fact, the lespiiatoi} contei is deine&sed unless small doses are 
need 

Jlcmostahc Value in Renal Ilcmonhages 

l.he icsults of tliiii^ cases of lenal lieinonhages slioiv that eigotoxin 
tends, when factois aside fioni tlie vasculai ones aie excluded, to ineiease 
all foims of icnal hcnioiihagc The flow from a lenal vein also becomes 
gieatei and oncoinctei lecoids show an increase in the volume of the 
kidiie} (Fig 9) 



Fig 9 — Effect of ergotoMn pliosplmte (1 nig administciecl at \) on the flow 
of blood from light leiial vein {V 0), on volume of left kidney (K V), on blood- 
pi essurc (BP) and respiialion (R) 

In about 20 pei cent of coitical and 25 pei cent of venous hemoi- 
ihages the eouise remained unalteied oi the henioiihages kept on decieas- 
ing if alread}'- tending that wa 3 Theie is not the least evidence, how- 
evei, that the eigotoxin contributed in any wa}' to the deciease in these 
eases 

The Effect of Adienalin Aftei Eigot 

The obseivation was quite accidental!} made that, aftei pieviously 
testing eigotoxin, adrenalin no longei caused a favorable deciease in renal 
hemorrhages, but actually iiici eased them Fuithei expeiiments also 
showed that the flow of non-coagulating blood fiom a lenal vein and the 
size of the kidney were also increased This observation is of practical 
iiniioitance in showing that an injection of adrenalin should never be 
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made when eigot has previously been used, foi the favoiahle effect of the 
adrenalin is then conveited into one distinctly unfavorable 

In 1906 Dale announced that eigot pimciples weie capable of con- 
verting the usual constiictoi action of adrenalin into one of dilatation, a 
leaction which chaiacterized itself in the cat as a fall m blood-pressuie 
This ^^vasomotoi reveisal” has not been so successfully demonstiated in 
the dog, for even after large doses of ergot the piessuie usually continues 
to use after adrenalin These experiments give undoubted proof that a 
reversal of the adrenalin action occurs in the kidnev after relatively small 
doses As shown in Figure 10, however, this reversal of vascular action 


yr|- |i | i|i i^i i i||iMii i iiiiii |t' i iMii|iiiiii»iiiii i i i iiin in iiiiiiTmiininqni|nimin;i 


■ n\ i nil rrri n i m t ni Tiiniini'in iini m i ll ui r 



Fig 10 — ^Two recoids contiastmg the action of adienalin (0 04 mg admin- 
isteied at ^ ) on the volume of the kidney (K V), on venous outflow (V 0) and 
heal t late, (A) befoie and (B) aftei use of eigotoxin 


does not mirror itself in the blood-pressuie records, because the normal 
slowing of the heart by adrenalin is changed to an acceleration sufficient 
to overpower the dilating peripheral vessels In other words, ergot not 
only reverses the action of adrenalin on the blood-vessels, but also reveises 
its action on the heart of the dog 
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ConcVu&wns 

Ergoto\m cannot be looked on as a diug of value m renal hemor- 
ihages^ for the following reasons. 

1 It causes a permanent elevation of pressuie only when the loss of 
blood has been lelatively small, thus restricting its use to the early part 
of a hemorihage 

2. Unless small doses are emplo} ed it depresses the respiratory center 
instead of stimulating it 

3 Ergot interferes with the subsequent beneficial effects of adrenalin 

4 Ergot is not a hemostatic in lenal hemorrhages The local con- 
striction IS not sufficient to counterbalance the use in blood-pressure, 
consequent!}' lenal hemorrhages lend to increase unless some subsidiary 
factoi pi events this 

VI GENERAL SUMjUARY 

That diug IS of the greatest therapeutic value which is capable of 
decreasing the bleeding at the same time that it cieates a better blood- 
supply to the brain The activity of the respiratory center furnishes an 
indication of its value in this capacity 

Of the diugs studied in lenal hemoiihages adrenalm ah.ne fulfils these 
lequirements Nitrites decrease bleeding satisfactorily, but often dan- 
gerously dimmish the blood-supply to the brain Pituitary extract ele- 
vates the pressure and improv'es respiiatory activity, but is not a hemo- 
ptatic Eigotoxin is not a hemostatic, and the beneficial action that the 
blood-pi assure rise should occasion is counteracted by the depressing 
influence on the respiratory center 


619 Church Street 



THE EELATIOH OE TYPHUS EEVEE (TABAEDILLO) TO 
EOGKY MOUNTAIN SPOTTED EEYEE 

H T EICIiETTS, MD 

AND 

RUSSELL M WILDER 

CHICAGO 

One who has seen Eocky Mountain spotted fever cannot fail to he 
impressed with certain points of similarity which the disease shows to 
typhus fever (typhus exanthematicus), basing the comparison on the 
descriptions of typhus which are given m standard treatises These 
descriptions refer to typhus as it occurs in certain European and Asiatic 
countries It seemed desirable, therefore, to study their relationship, 
along clinical, anatomical and immunological lines, at least in certain 
essential respects 

Our observations concern tabardillo, the typhus fever of the great 
Mexican plateau, which difEers in some important respects from European 
typhus, according to the opinion of those who have studied the disease 
minutely (e g, Jose Terres, in "Etiologia del Tabardillo”). It is stated 
that the typhus of Mexico has a more gradual onset and defervescence 
than that of the old world These are both said to be very sudden in the 
latter, wheieas in the former the fever rises gradually for three or four 
days during the onset, and defervescence occupies a similar period The 
two diseases should again be subjected to a close comparative study in 
these respects 

A peculiar topographic distinction exists between the two, in that the 
typhus of Mexico is limited to the plateau and is said not to occur at or 
near sea-level, that is to say, it does not occur in the so-called ^diot 
country” of Mexico European typhus, on the other hand, finds its home 
to a large extent at sea-level In view of the fact, however, that typhus, 
the world over, is a disease of temperate and cool climates, the discrep- 
ancy mentioned is only an apparent one, it loses significance when we 
consider that the climate of the great Mexican plateau is a temperate 
one, while that of the sea coast towns is warm or torrid, in which general 
experience indicates that typhus is not able to prevail 

" From tlm Department of Pathology (University of Chicago), and the 
Memorial Institute for Infectious Diseases, Chicaeo 

^ O 
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coi^iPunsoN or spotted rrvLP and typhus fever 


Empiion — In both spotted fevci and typhus fevei a macular oi 
shghtl’^ elc\ated loseolai ciuption oecuis, which commonly becomes 
petechial, and which appeals at about the same time in both diseases, but 
pel haps a little eailiei in spotted fevei In tvphiis it is first seen at 
about five da^s after the beginning of the feiei, and in spotted fever 
on fioiii the second to the fiith day In both diseases small liemoriliages 
(petechiae) may occur either in the preexisting lose-coloied spots or at 
poiiitt in the ‘'km which were hitherto iinimohed In the former case a 


petechia vith a congested zone is formed, and in the lattei the aieola is 
absent The hcmoiihages appeal to occur earlier and vith greater leg- 
ulaiit}' in tabaidillo than in spotted ferei, although this phenomenon 
is subject to great variations in the lattei disease ^ In some instances of 
spotted Icier sharply marked petechiar do not occur at all, virile the 
opposite extreme occasionally is encountered, the petechiar appearing 
beioie a loseolai eruption is definitely recognizable Although petechne 
do not occur miaiiabl} in tj^phus, they ivould seem to be more constant 
tlian m spotted lever In both diseases the ‘‘spots” show a certain slight 
degree ol induration, this is quite marked m some cases oi spotted fever 
There seems to be a characteristic dilfeience in the regions of the 
body first involved In spotted fever the spots first aJ)pp‘^ on the fore- 
aini and lover leg in a large jreicentage of the cases, vhaeas in tj’phus 
they are fiist seen on the abdomen and sides of the chest There are 
variations, hover ei, in the sequence of distribution in spotted fever, so 
that it IS doubtful if this point is of great distinctive value 

In both infections the distiibution in the end is a veiy general one, 
including the face^ palms and soles it would seem that the involvement 
of the palms and soles is moie piorainent m spotted fevei than in tjphus 


As regards piofuseness there is no essential difference 

Gangiene — In the spotted fever of Idaho, gangrene of the foieskin 
and sciotuni, the tonsils and iaucial pillais occurs not infrequently, this 
is not seen so frequently in the nioie severe type vdiich prevails in Mon- 
tana In typhus, the toes, ieet and lower leg occasionallj become gan 


gienous, and extensive bedsores aie lathei frequent 

Changes in Internal Oigans — In spotted fever the spleen is liabitu 
ally enlarged This can be deteiniined elinicallj'' in piaeticall}^ all cases, 
and at autopsy the mass of the spleen is sometimes thiee oi four times 
that of the normal organ In Mexican tj^plius it shows little enlargemen 


1 See the Fouith Biennial Eepoit of the State Boaid of Health of Montana, 
1907 8, p 137 
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and tins can raid}- Idc detected clinicallj' In one antopsy it was of noi- 
mal size, in anothei it -^as sligMly enlarged, but cirrhosis of the livei 
was also present In both diseases it is of lather firm consistence, in no 
waj' resembling the spleen of typhoid fever 

In spotted fever the lymph-glands are distinctly hnt moderately 
enlarged, in tiphiis tliei aie smallei, but probably a little laiger than 
noinial Thei show inoie congestion in spotted fever 

In typhus the meninges almost constantly show a great deal of conges- 
tion and edema at autopsy so that it has sometimes been spoken of as 
meningeal typhus This condition also is stated as being present in 
European tj^phus, but peihaps not as constantl} as in that of Mexico It 
IS a minor finding in spotted fever 

At autops} the right heait and venous si stem show more engorge- 
ment in spotted fevei than in ti-phus and this coriesponds also with 
the clinical appearances of the two diseases 

Other organs appear uninvohed in t 3 phus and spotted fever, except 
foi the presence of occasional complicating infections, particularlj^ pneu- 
monia 

There appears to be nothing unique therefoie, as to anatomical 
changes, in eithei disease 

Fevei — In typhus the fevei begins and ends vith a good deal of 
abruptness Two oi three dajs may be required after onset before it 
reaches its high point, and an equal period is occupied in defervescence 
On the othei hand, the temperatuie in spotted fevei may not reach its 
maximum until a week oi moie aftei onset, and defervescence may 
occupy a v eek or ten days This is one of the marked differences between 
the two diseases 

Pulse — In the early pait of the couise, and in mild cases throughout, 
the pulse in spotted fever (90-110) is slowei than in typhus (110-120) 
under similai conditions In both it rises to 140 oi more preceding a 
fatal issue 

Mental Effects — Stupefaction, or a low nervous delirium is common 
to both 

Comalescence — This varies with the seveiit} of the mfection in both 
chseases, but on the whole it is much slower in spotted fever than in 
t 3 phus This ma 3 be due in pait to the longer duration of spotted fever 
Dination — The ""crisis” in typhus usually occurs on from the tenth 
to the fourteenth dai, although some cases ma 3 f cover a period of three 
weeks Patients suffeiing from spotted fever are larely convalescent 
until the end of the third ueek, and they commonly remain bedfast for 
from four to six weeks 
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Ghaiacter of the Infections —In both, the condition is that of a sys- 
temic blood infection (and presumably lymph mfection), mthout the 
ciitical involvement of particular organs These points are brought out 
by the findings at autopsy, and by the result of inoculations with the 
blood of patients. Blood from spotted fever patients is always mfective 
foi the guinea-pig, monke}' and certain other animals In a number of 
instances reported in the literature, the blood of typhus patients appar- 
enlh' has produced the disease when injected into other human bemgs, 
and Hicolle’s infection oC the chimpanzee was done by the same means, 
this concerns European tj'phus The experiments with Mexican typhus, 
leported recently by Anderson and Goldbeiger and by ourselves, also 
show that the latter is a generalized infection 

Ti ansmission — Spotted fevei is not contagious, and the evidence mdi- 
cates that the same is true of typlius The formei is transmitted by the 
bites of ceitain species of ticks, while presumably the latter is carried by 
the bod}'- louse {Pediculns vestimenU) It is probable, therefore, that 
they have the feature of insect transmission m common, but two alto- 
gether different types of insects are concerned 

It IS a peculiar fact that the conception of contagiousness has adnered 
to t7phus up to and includmg the present time Yet, in view of the facts 
that tjphus, when endemic in a city, remams rather strictly segregated 
in the poor quarteis, and that more or less mtimate contact is lequired 
for transmission, it is manifest that contagiousness, if present at all, must 
be of a peculiar character and of a low grade Tjqihus has never over- 
whelmed a whole city as smallpox did again and agam in former times 
In recent j^ears, however, belief in the theory of insect transmission of 
typhus has extended widelj^ as affoiding a better explanation of the 
epidemiologic features of the disease Thus the flea and bedbug have 
lepeatedly been mentioned in relation to European typhus, and Gavino 
and others have called attention to the possibilify of insect transmission 
in Mexico, without indicatmg the probable species, however 

The recent experiments of Hicolle in transmittmg European (lather 
Asiatic) typhus from monkey to monkey by means of the body louse 
affords a good working basis for clearing up the natural means of trans 
mission 

Our own experiments with the louse, which have been successful in a 
measure, will be reported at a future date 

Susceptibility of Animals —Aside from the discrepancies between 
spotted fever and typhus which were mentioned above, a striking i er 
ence is found in the susceptibility of animals to the two diseases As 
regards European typhus the literature contains numerous references to 
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attempts to infect the gumea-pig and other ordinary animals of expeii- 
mentation hy the infection of blood from patients, the lesults hemg uni- 
formly negative Likewise, in extensive experimentation with the typhus 
of Mexico, Director Gavino of the Baeteriologic Institute of Mexico 
City, and his assistants, faded to produce any evidence of infection 
in guinea-pigs, rabbits, white rats and mice, hy the subcutaneous and 
intravenous injection of blood from human patients, the blood hemg 
taken at different periods of the disease ^ Similarly, and in substantia- 
tion of Dr Gavmo^s results, Anderson and Goldberger reported their fail- 
ure to infect the guinea-pig by the injection of virulent typhus blood ® 

These lesults seem so conclusive that we decided not to repeat the 
experiments 

In contrast to this condition, a faiily large expeiienee has shown that 
spotted fever may be transmitted to the guinea-pig mvariably, by the 
subcutaneous or mtraperitoneal injection of viiulent blood, provided no 
serious error m technic has been made ^ 

The difference in the susceptibilit}^ of the guinea-pig to the two dis- 
eases must be taken as showing definitely that typhus and spotted fever 
are not identical It might also stand as suflScient reason for conclud- 
ing that they could not be even related infections, were it not for the 
fact that there are two types of spotted fever, one of which appears to be 
less virulent for the gumea-pig than the other The spotted fevei of 
western Montana, which represents the more virulent type, can be main- 
tained indefinitely in the gumea-pig by passage from one animal to the 
other. On the other hand, it has been impossible, on three occasions, 
by the use of the same method, to keep alive in the gumea-pig the mild 
type of the disease which prevails in southern Idaho It "died out” after 
from two to ten passages, presumably because of a loss of virulence for 
the guinea-pig Yet, other experiments, particularly that of agglutina- 
tion, as performed with the bacilli found in the eggs of the tick, indicate 
that the two tj^pes which occur m Montana and Idaho, respectively, are 
identical or closely related 

2 General reference to these experiments is made in an article by Di Gaviuo 
in Gaceta Medica de Mexico, 1906, i, 218 They are also cited elsewhere in the 
same publication, the exact references not being before us at this moment 

3 Anderson and Goldberger The Relation of Rocky Mountain Spotted Fever 
to the Typhus Fever of Mexico — A Preliminary Note, Pub Health Rep , 1909, 

XXIV, 1861 

4 It 18 important that the blood injected should he drawn rather early in 
the disease, and that the quantity injected should not he too large, dilution with 
salt solution favors infection Tins has been leferred to in previous articles hy 
one of us 
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As beaimg on tjplins ^e^el, tins condition laises the question as to 
ulieiliei tlieie may be a third type of infection (typhus feiei) irhich 
IS leJated to spotted feiei^ but uhieh dideis flora it not only in ceitain 
impoitant clinical lespects, but also in possessing eien a less degiee of 
Miulcnce foi the guinea-pig than the mild spotted fevei refeired to 
aboic In othei noids, nia}"^ t'^phus feiei have a group relationship to 
the spotted feiei of the llocky Mountains^ 


urar nxizATiox nxmiiiunjiTTs 


G hale revolted to piotcctiie and agglutination exiienments in orclei 
to obtain moie couclusuc data legaiding this point The eipenments 
111.11 be lepoited biiefli 

One attack ot spotted feier, oi of tiphu'5 lendeis the individual 
immune to fuithei attacks ol the same disease This acquired immuniti 
in spotted feiei is chaiacten/ed bj the formation of pioteetiie anti- 
bodies, ivhich appear in tlic blood, and iihieh can be demonstrated bi 
evpeiiments on the guinea-pig Fiom 0 1 to 0 3 ce of seium from the 
immune guinea-pig protects against 1 0 c c of virulent blood, represent- 
ing from 200 to 1 000 pathogenic doses Fiom 0 3 to 0 o cc of serum 
from the convalescent huinan patient iieie required to exert the same pro- 
tective effect in tuo expciinicnts If tiplius vreie identical ivith spotted 
fevei the seium fioni t'jplius convalescents should exert a similai pro- 
tective effect against spotted fevei , oi, if t 3 'phus occupied a ^‘gionp lela- 
tionsliip ^ to spotted fever, this might be manifested b}”^ a ceitam (perhaps 
low) degiee of piotective effect against spotted fever, on the part of 
serum fiom typhus convalescents 

As will ajipeai, the expeiiments to be lepoited do not disclose with 
certainty the relationship whieh has been suggested, and possibl} thei aie 
of such value that a close lelationship is actually disproved 


The immune typhus seiums were all taken fiom patients vhose course 
■we had observed m the Geneial Hospital (Mexico City), and in vhom 
the diagnosis of tjplius seemed to be without doubt Then histones wall 
not be leeited The blood was diawm on fiom the seventh to the tenth 


dai^ after the subsidence of fevei, aftei the patients had leit then beds 
and the seium obtained by defibiination and centiifngation, oi by spon- 


, taneous clotting 

Three sets of controls were utilized first, the piotective iiowei o 
normal human seium as compared with that fiom the typhus comales 
cents, second, the tests of the toxicity of human serum alone foi tie 
guinea-pig, thud, inoculations to deteiinine approximately the stieng i 
(quantity oi virulence) of the spotted feici mi us used in each expeii 


/ 
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ijjent The vims was that repiesented m the defibiinated blood of the 
infected ginnea-pig on the third dny of its fevei 

Tlie viius and seiuins weie mixed, and injected intrapentoneally as 
soon as pos'sible theieafter, the synnge was washed with salt solution and 
the washings injected, in oidci to rendei the experiments as nearly 
quantitative as possible 

It will be noted that, as the expernnents piogressed, the propoition 
of convalescent typhus seiuin to spotted fever \nus incieased from % to 
1 (Expeiinient 1), to 200 to 1 (Expeiiment 4) 

One would expect to find evidence of a piotective pow'er in absolute 
pievention of inlection, oi, if present to a low' degree, in a prolongation 
of the incubation peiiod above that of the controls, in a shorter course of 
fevei, 01 in recoveiy as compaicd with the death of the contiols Thiee 
animals in the senes, 9a, lla and 12a, suffered such light attacks that 
they could not be recognired positively by the temperatuies exhibited, the 
result being detennined onlj* by immunity tests wdiich were administered 
latei The accompanying table gives the outlines of the expeiunents 
Anahsis of the table shoivs with reasonable clearness that the typhus 
^seiuni exerts no moie j^iotective effect than does normal serum Interest 
centers chieffy in Expeninent 4, m which the dose of virus wns approxi- 
mately twice the miniinuiii infective quantity The immune tj'phus 
serum show'ed a ceitam degree of protection in doses of 1 0 and 2 0 ce, 
but on the other hand, 1 0 c c of noimal seium show'ed the same degree 
of protective pow'ei We may consider that the dose of virus used was so 
low that very slight influences were able to determine the occurrence or 
non-occurrence of infection 


Another experiment also indicates that an attack of typhus fevei m 
tlie monkey does not piotect the animal against a subsequent infection of 
spotted fevei virus ^Monkey 11 w'as inoculated with typhus by means of 
blood draw'u from Blonkey 7 on the eighth day of the latter’s fever Aftei 
an incubation period of nine or ten days the temperature of No 11 rose, 
and the animal passed through a course of fever similar to that which 
has appeared in other animals inoculated with virulent typhus blood 
Tw'enty-seven daj's aftei the inoculation and aftei recovery was complete 
a second injection of typhus virus, consisting of 5 c.e of blood from a 
liuman patient, ivas given to No 11, m order to determine immun^y oi 
non-immunity' to the disease No fever lesulted over a period of eig een 
days A control monkey (No. 21) which received a similai injection 
passed through a course of fevei leseinbling that of typhus We ni^Vi 
therefore, consider that No 11 had been infected by its first injection o 
typhus virus, and that this resulted in immunity to the disease. 
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In order to test the animahs immunity to spotted fever, after the 
lapse of some days it was injected mtrapeiitoneally with 3 c c of defib- 
1 mated blood from the infected guinea-pig, drawn on the third day of the 
lattei’s fever. The blood was diluted to 6 c c by means of salt solution 
befoie being injected The following course of fever developed 




A M 

P M 

Mai cli 

13 

102 

102 4 

March 

14 

102 0 

103 3 

March 

15 

102 

102 4 

March 

16 

103 

104 6 

March 

17 

104 7 

105 6 

Mai ch 

18 

103 1 

106 4 

March 

19 

104 6 

106 7 

March 

20 

104 

105 6 

March 

21 

105 8 

106 8 

March 

22 

105 

106 6 

March 

23 

101 4 

104 1 

hlarch 

24 

99 

103 


On March 23 and 24 an extensive hemorrhagic eiuption developed on 
the extiemities, tail and back, such as has occuired previously in spotted 
fever in the monkey 

As a control a guinea-pig inoculated with 1 c c of the same viius 
developed a typical course of spotted fever, as did a second giiinea-pig 
inoculated with the blood of No 11 

This experiment indicates, therefoie, that an attack of typhus in the 
monkey does not render him immune to spotted fever, although it does 
piotect him against infection fiom a second injection of virulent typhus 
viius 

AGGLUTINATION EXPERIMENTS 

As reported previously by one of us, immune spotted fever serum 
agglutinates to a marked degree a bacillus which occurs in the eggs of 
ticks which act as carriers of the disease The agglutination is specific, 
in that normal serums do not have this agglutinating effect, oi have it to 
a very low degree, and this, among other leasons, is taken to indicate 
that the organism bears a causal relation to spotted fever 

This reaction was utilized as a means of determining a possible rela- 
tion between spotted and typhus fevers As in previous expeiiments, an 
emulsion of the bacilli was obtained by crushing a sufficient number of 
eggs in a small quantity of salt solution, and with this emulsion the 
micioscopic agglutination test was perfoimed with various dilutions of 
seium from convalescent typhus patients Duplicate preparations with 
normal human serum were made, and, in addition, with immune spotted 
fevei seium from the guinea-pig in ordei to make certain of the char- 
actei of the bacilli 
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111 the cflse of the nnniiine spotted fevei seiuiii the agglutination was 
niaiked oi eoniplete in three expeiiinents up to a dilution of 1 in 500 
J^^uineious expeiiments ha\e ‘^lioun that senini fioin noinial guinea-pigs 
onl) in dilutions of 1-10 to 1-20 Xoimal human seinm 
oau'?ed slight agglutination at low dilutions (1 in 10 and 1 in 20) The 
^eiuiii of t 3 phus convalescents, diawn uithin a ueek lo ten days aftei the 
subsidence of fevei, had appioMiiiatel} tlie same agglutinating pouei as 
the noimal seiuin in tuo experiments, while in a thud it leaclied a dilu- 
tion of 1 111 40 E\en in this case, howeiei, the agglutination was not 
oninplete at this dilution 

SU^r^WARY AKD CONCLUSIONS 

The seiuin of t}phu‘« com ale^cents, diawm witliin a w^eek to ten days 
.iftei the ‘.ubsulcnce of fevei, exeits no nioie piotectne eifect against 
'^potted lei Cl than noinial seiuin does 

Also such SCI unis show little oi no inoie agglutinating eifect foi the 
bacilli which appeal to be associated with spotted feiei than do noinial 
seiiiins 

A monkey which had been lendcred immune to tj^ihiis was not 
immune to spotted fevei 

These expeiiments go to substantiate the clinical evidence and that 
obtained by animal inoculations, that spotted feiei and t^’phus fevei 
aie not identical, and the}’’ seem also to indicate that the oigauisms of 
the tivo diseases aie not closel} lelated biologicall}, whatever the nioi- 
phologic conditions may be 

The fact also that the seiuin of a disease (typhus) wdiicli is loughh 
similar to spotted fevei, has no unusual agglutinating powder foz the 
bacilli mentioned, as compared wnth the high agglutinating power of 
immune spotted fevei serum, supiioits the contention that this bacillus 
heais a causal i elation to spotted fevei 

We aie indebted to Diiectoi Gaviiio of the Bacteiiologic Institute and to his 
assistant, Dr Guard, foi the use of then laboiatorv and foi nunieious com esies, 
to Di Escalona of the Geneial Hospital foi his coopeiation and to Mi J 
Mooie of the Univeisity of Chicago foi assistance in the evpeiiineiits 



PEEFOEATING ELCEE OE THE FOOT IH ALCOHOLIC 

HEUEITIS 


REPORT OP A- CASE 
ROY VAi? WART, M D , C IM 

NEW OREE\XS 

Tlie occuiience of peifoiatmg iilcei of the foot with ceitain disoiders 
of the neiYOus si stem has long been lecognized The fiist desciijition 
was given bv jSTelaton in 1852 Since that time the condition has been 
desciibed in connection with a nnmbei of neivons conditions It is 
frequent in diseases of the spinal coid, such as tabes and S 3 ningom 5 ^elia, 
and has been noted in spina bifida, diseases of the conns mediillaiis, dia- 
betes and alcoholism In]mies to the sciatic and tibial, as well as tnmois 
and local mflammatoiv clistuibances of these neives, have also caused this 
condition It is fieqnent in the neiiiitis of leprosy Its occinience in 
multiple neiiiitis, aside from the form due to diabetes, is very infrequent 
In the accessible litciatuie I have not been able to find any lecoicl of its 
occurrence in alcoholic neuritis Sonnenbnrg noted it in an alcoholic 
with anesthesia of the foot Eemak and Elatau,’- uriting in 1899, sav 
^‘So seheinen Falle von Alcoholneuiitis mit Hal peifoiant niclit 
mitgetheilt zu sein, wenn auch die !Moglichkeit dieses Yoikommen 
clurchaus nicht bestiitten weiden soli” 

llistoiy — The patient vas a wliite male, aged 37, vitli a negative familv liis- 
toiv He denied 'vpliilis His MOik entailed a gicat deal of loss of sleep iMtli 
iiiegulai meals Oniiig to a condition of Ins neivons system vliicli had best be 
called a “constitutional neui asthenia,” he was easily exhausted, and had tiied all 
soits of aitificial means to keep up ms stiength Foi some months piioi to the 
onset of his tiouble he had been using alcohol in the foim of vhisky in laige 
quantities Foi tliiee months befoie the onset of his illness he had been taking 
not less than a quait a day He continued to woik and took veiv little food 
He came under my obseivation in Octobei, 1898 His illness had commenced 
giadually tliiee months befoie this, ivitli pains in the legs, followed by weakness 
and atrophy of the muscles, hypeiesthesia and ledness of the skin About a 
month after the onset of the tiouble in his legs the hands and aims also became 
involved He had been undei treatment for two months At the time I fiist saw 
him he complained of great pain in the legs, particulaily at night, hyperesthesia 
of the skin below the knee, and maiked tenderness in the muscle gioups of the 
legs and aims He was unable to nalk and could with gieat difficulty use his 
arms to feed himself 


1 Xothnagel Specielle Pethologie und Theiapie, Vienna, 1809 xi, Th III 
Abtb HI 



372 


PURFOIIATING VLGBItS OF THE FOOT 


Ftisi Physical Examination —Tim showed a poorly nourished man with giar 
hair The mucous memhianes were pale He was lying in hod in the dorsal 
decubitus The oxaniination of the thorncic and abdominal oigans showed noth 
ing of note The patient had no lymphatic enlargement, and no bladder oi rectal 
disturbances The ncivous system showed no imohemcnt of the cranial nenes 
3110 pupils were equal and reacted to light directly and consensually and to 
accommodation. The upper cxtremil-v reflexes were elicited with difficulty The 
abdominal and cremaster reflexes were ^ely sluggish The knee jerks, Achilles 
tendon reflexes and plantar reflexes were absent There was marked weakness of 
the extensor and flexor groups of the wiist and fingers This was most eiident 
ill the extensor groups, gning rise to the tjpical "wrist drop” There was great 
muscular atrophy and motor weakness of both lower extremities, the power of the 
tlexois and extensors of the toes and feet being practically wanting The quad- 
iiccps gioups and llcxoi gioup of the back of the thigh showed a diminished 
niotoi power 

Sensation Ihcio was inaikod Inpoiesthesia of the skin of the feet and legs 
The pain and tcmpeintuic sensation were practicallj wanting from below the 
knees and below the wrists in the uppei extiemities The touch sensation of the 
upper extremities was also much diminished Touch sensation in the lower 
extiemities was much delajcd and, except in the hyperesthetic areas, was almost 
wanting The muscles of the calves and of the thigh weie very tender on pres 
sine The nci\os were tender, but no swelling could be made out on palpation 

Coin sc of Disease — ^Thc patient’s rccoicrj was umnteri upted and he returned 
to las home in the spring At this time he was able to walk with the assistance 
of two canes In Julj’ of the present yeai, aftei considerable walking, he noticed 
that the skin o\er the distal ends of the thud metatarsal bones of both feet W'as 
greatly thickened Later the center of this aiea broke down, leading a large 
ulceiated men this extended in quite deeply and discharged a consideiable quan- 
tity of pus These ulcerated areas differed in no wmy from the perforating ulcers 
seen in tabes doisalis At fust thei were not veiy painful, but as the sensation 
impioved the patient noticed that the pain iiici eased If he would keep perfectly 
still the pain wmuld not be vciy maiked The ulcei on the left foot was much 
laiger and deeper than the one on the light foot At its maximum, it extended 
till ee quai tei s of an inch aci oss, and in the deep fascia As fai as could be ascer- 
tained, there had been no imolvemcnt of the tendons or of the deepei structures 
The skin surioundmg these aieas was anesthetic to pain, but, as the sensation 
continued to improve, the ulcers became veiy painful The causation of these 
ulcei s w'as of some interest The patient had a flattening of the anteiior arch of 
both feet, and the thickening had existed foi some time piior to the onset of his 
neuritis Tins thickening had occuried ovei the head of the thud metatarsa 
bones, and is very commonly seen in cases of flattening of the anteiior aich Tie 
pressure caused by continued walking, wuth tlie lowered trophic condition due to 
the inflammation of the penpheial neives, was probably responsible foi the u cer 
ation As the neuiitis improved the ulcei s slowly healed 

Second Physical Examination —In Novembei, 1908, the knee jeiks, Achilles 
tendon reflexes, and plantar reflexes had leturned The sensation 
absence of capability to distinguish the light touch of cotton and the ig 
of a pm in the feet The deep sensation, formerly absent, was now normal 
sensation of the legs wms normal The fact that sensation ha 
returned is in keeping wnth the studies of Head, as he has shown a as g <_ 
two years may elapse without the letuin of the finei or epicri ic sensa ion, 
m this instance, the sensoiy loss belongs to this type 
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The case is of interest as showing how the flattening of the anterior 
arch, a condition which, nndei normal circumstances, onlj’- gave rise to 
great thickening of the skin, had, when the neuiitis was added, produced 
t5^pical perforating ulcers As a rule, trophic ulcers occui at the points 
of pressure at the base of the great and little toes This central point 
seems to be the next in frequency It would be of interest to note 
whether this flattening of the anterior arch might not be an important 
factor in the localization of peif orating ulceis in tabes and other condi- 
tions Since the preceding portion of this was written, in fact, a case of 
tabes dorsalis has been observed in which perforating ulcers, involving 
the deep structures in this situation, weie associated with flattening of the 
anterior arches 


124 Baronne Street 



THE T]s"FLUEN'CE OE SCOPOLAMIE-MOEPHIX EAPCOSIS 

]\lETABOLTS]\r 

F 13ARNES, Jk , D 

HAT TIAIOUL 

Dining the com sc of some studies of inetabohsm it uas desned to 
bung about a model ate giade of anesthesia in oidei that a diagnostic 
Inmbai piinctiiie miglit be made pos‘?ible, and foi this pnipose a mi\tuie 
of scopolamin (Jnoscin), Indiobiomate and inoiphin (sulphate) uas 
gneu subcutaneou'^l} a shoit time befoie ihe opeiatioiis uere earned out^ 
It IS stated- tliai moiphni and seveial of its deiivatives when given in 
thciapeutic doses uill cau^e no altciation in t)ie ies2niatoi3' metabolism, 
■while conclusions conceining the piotein metabolism aie at lariance, 
some obseiieis haiiiig found an ineiea':e and otheis a deciease in the 
intensity In eitlici case the laiiation seems to have been quite slight 
\yith atiopm and scioial of its congeneis, howevei, a somewhat inoie 
dclimte lesiilt scorns to haie been obtained De Stella,' aftei long-con- 
tinued small doses of scopolamin, noted in foui expeiiments on rabbits 
and dogs tliat tlieie oceiiiied a dceiease in not onl} tlie volume of the 
mine, but also in the content of nitiogen, phosphoius and chloiin These 
expeiiments do not seem to be entiiely conclusive, and it wms determined 
to employ the dings as usual and to keep -watch foi any effect on the 
metabolic functions 

Tlie accompanying table pictuiing that jioition of the investigation 
jiaiticulailv lelated to the adininistiation of the dings is composed of the 
results obtained fiom the obseivatioii of live individuals, the fiist foui of 
■wdiom iveie subjects of undoubted paiesis The fifth 'wms a healthy man, 
23 yeais of age, employed as a nuise, who Avillingh" offered his services foi 
expeiimentation The histones of the patients aie not of imjioitance m 
this consideration ivith the exception that in the twm cases (those of 
P L P and PBS) scopolainin-moiphin had been given almost dail) 

Fiom the Clinical Laboiatoiy of the Sheppaid and Enoch Pratt Hospital 

1 In ordei to perfoim a lumbai pmictme foi the pm pose of diagnosis in these 
patients it is desiiable and generally necessary to administei some seda ne ^ 
cine to allay the attacks of niotoi restlessness and iiiitabihty to wiici peiso 
with geneial paiesis aie so fiequently subject The effects of tie mgs i 
administered foi diagnostic and theiaiieutics measuies aie lecoided leie in so 

as the metabolic functions aie concerned ^ 

2 Von EToordeii Pathologie des Stoffwechsels, ed 2, 1007, n, ti5 

3 De Stella Ibid , 1907, ii, 807 



TAI’.LIO SHOWING EFFKC’T OF SCOPOLAMIN AND MOllPUIN ON METABOLISJI 
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SCOPOLAMIl:\-MO]iP]Il}! Alt CO SIS IN METAB0LI82I 

foi months preceding those ohseiiations The othei tiro patients 
(I? H and E J D ) liad had only veiy occasional doses of these 
drugs, and none at all foi several months past During these observa- 
tions it so happened that the scopolamin-moiphm ivas given dniing two 
successiie twenty-four houis, with the exception of the one patient 
(P. L P.) to whom it was given daily to allay excitement and motoi 
lesdessness The houi of giving the drugs, together wuth the amount, is 
indicated in the table. 

The plan of the work and the analytical piocedines employed have 
not ditleied essentially fiom those picMously desciibed as used in this 
laboiatoiy ^ A liquid diet (the Folm milk and egg diet) piepaied m the 
laboiatoi> wms taken thioughout each of these separate periods The 
collection of the urine began on the fourth morning after beginning the 
diet Patients were kept in bed during the peiiod of obseivation and 
weie constant!} undei the watch of special nurses The nuise expeii- 
mented on engaged in the usual loutine duties of the w’aid, with the 
exception of the evenmg when he was given the scopolamin 

The tabulation of the lesults makes patent the influence of the nai- 
colic mixtuie, and only a few' geneial points call foi fuither textual 
notice The narcotic eflect of the diugs w'as evidenced in a fairly uni- 
foim mannei so that, w'lth the exception of one patient (E <J D ), m 
whom only a decided diow'siness ensued, a profound sleep of fiom fom 
to five houis was pioduced The nuise wdio received the scopolamin alone 
show'ed an entirely diffeient train of symptoms, which will be more full} 
mentioned later It ma} be seen at a glance that the twm patients 
(E H H. and E J D ), who had not been more or less accustomed to 
the drugs by frequently lepeated doses, show' very shaiply the action of a 
single dose in so far as the urine and its several constituents are con- 
cerned In the fiist instance (E hT H ) a definite drop m almost every 
uiinaiy constituent is evident, and this is perhaps even better shown in 
the other patient (E J D ) Such daily variations of so extensive degree 
have not been noted in the cases of paresis similarly studied, in which 
the diugs have not been administeied In these tw'O patients on the daj 
following the scopolamin-morphin there is to be noted an ineiease m the 
v'arioiis urinary bodies, which in general gives amounts that aie slightl} 
higher than those of similar bodies on the days before the drugs were 
given This increase, however, is not enough to compensate fully for the 
reduction following the giving of the drugs. 

4 Barnes- A Study of the Metabolism of 'IXvo Atypical Cases Related to the 
Dementia Prreco-s. Gioiip, Am Join of Insanity, 1909, Ki, 593 , 
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When one examines the figures obtained fiom the other two observa- 
tions on the patients (P L F and E B S ) it is found that the same 
legulanty of variation in the amounts of the different urinary constitu- 
ents is not present in relation to the time of the administration of the 
drugs The first patient (P L F ), during the foui days of the observa- 
tion, received in all six doses of the drug mixture, and, of these, three 
were given on the thud day of the period (April 21) The second patient 
(E. B S ) was given three doses in all during the entire period, and all 
of these during the twent 3 "-four horns ending May 19 Although there is, 
in general, irioie irregularity shown in the infiuence of the drugs on the 
urinary secretions, there is one point which seems quite clearly shown in 
the table, that is, on those days during which three doses of the drugs 
were given there occurred a decrease rn the excretron directly analogous 
to that which has been observed in the other two patients when only one 
dose was given, and, further, it is seen that this reduction is not so 
quickly recovered from, and that on the next day the amounts are still 
lower than might be expected This is particularly true with the first 
patient (P L F ) and is not so entirely unexpected in accordance with 
the other results here obtained, as he received more of the drugs In the 
other case it is to be noted that the volume of the urine particularly 
lemains low, whereas the other constituents show a definite tendency to 
resume foimer levels The points above indicated in these two cases 
would seem to show that in individuals who have become accustomed to 
these drugs by frequently repeated doses given over a long period of time 
some form of tolerance is produced which makes necessary the use of 
larger quantities of the drugs m order to bring about conditions of 
metabolism which occur with smaller doses when given to individuals not 
possessing such resistance from custom 

In none of these four cases was there noticed any especially constant 
disturbance of the relative amounts of the various urinary constituents, 
although there is shown a slight tendency toward an unequal variation 
This is seen m the slight elevation of the nitrogen, phosphorus and sul- 
phur ratios 

The outward action of the scopolamin alone on the nurse was oppo- 
site to that of the seopolamm-morphin on the patients J instead of drowsi- 
ness or sopor, a distinct elevation of function was occasioned This was 
evidenced by motor restlessness and activity within a few minutes; soon 
unsteadiness in walking and general confusion of psychic processes were 
easily determinable Within half an hour after the injection was made 
the nurse was put to bed and there remained until the following morning 
For the succeeding hour and a half after going to bed there was present a 
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coiidiiion not enLnel'\ dissnnilai to a itiild deliinim dining wlncli a con- 
gloinciation ol p^eudoliallucinaloij o\pciiences and incomplete delusions, 
laigeh icsultnnl fioni disturbances witlnii the ^cope of the usual appa- 
latus, togctliei nitli an unceitam abilit} in poisonal identification, 
ocelli j eel ]3v 9 o clock neail-\ all of these symptoms bad vanished, 
aUhougb ‘sleep did not occni until 1 o’clock the next inoining The sole 
nnplca‘-ant ic'snll oL the cxpeiimenl nas the thiist following the nearing 
anav of the eflect ol the diiicr The lesiilts of the niinarj^ analysis foi 
the«e tnenti-loiii boms <'ho\\ an incieasc in output nhich is not less 
inteiesting tlian the extiaoidinaii dcciease of Die following da] ^ These 
daih \aiiation‘s aio fai too extensue to be cntiich accidental With 


‘scieial othei "bioimal ’ pei‘5ons on nhom snnilai studies of metabolism 
iia\c been made in this laboiaton no such lesnlts have been obtained 
The iaiio'5. nhicb in the foni patients shoned some tendency to vaiiabil- 
iti, neie not aflccted in this expciiment, except that on the last day thei 
ncio sonienhat lonei than pieuoiish In geneial, theie nas in this indi- 
udiial an cticit almost the exact opposite ol that piodiiced b) the dings 
guon the foui patients Instead of the initial diop theie occiiired an 
incica«o iolloMcd In a fall 

Can the=e appaientU dneigent lesnlts be hi ought into accord^ In 
i[hi« connection it is ncccssai) to beai m mind that all 'lu of the patients 
lecened suflicieiit ol the tno diugs to bung about a depression of actni- 
tics vheieas the luiisc vas gnen the seopolamin alone and tins lesnlted 
in a state of mild excitement Individual idiosinciasy must he given due 
consideiation and espccialh in this instance as the muse lepoits that 
althongli he has had no expeiienee with dings, he 3“ paitienlaih suscepti- 
ble to alcoliol, and small quantities will piodnce ellects quite sinnlai to 
tlio^c heie noted to have folloved the administiation of the seopolamin 


Tlie most striking point Dins fai met is that lutli the patients tbeie 
IS a deci eased output tbiough the kidneis coincident with a vari mg 
giade of onlvaidly appaient depiession of geneial activities, while vith 
the mil so the opposite state obtains Ceitainh it is snggestiie that these 
lesnlts ina} be due in jiait to secondaij factors, whethei the giien indi- 
vidual is in a state of aetiutj' oi lest At least, in these expeimients the 
paiallelism betw'oen the degiee of actiuty and the laiiation in the lui 
naiy findings seems most diiect The foni patients veie m bed thiougb 
out t'le entile peiiod of obsexiation, but veic fieqiientl} lestlesn and 


5 Althovigli tins last day at fiist suggests some loss of mateiial I feel *1^”^ 
ceitain that all unne voided dining the tnenti foui liouis is heie , 

Ihis evpeiiment nould no doubt have been of mcie complete aalue it contini 
foi at least anotliei daj , hut this could not he done 
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uneasy, peihaps because pieviously they had been allowed to be up and 
about and could not accommodate themselves sufficiently well to the 
enforced lest necessitated by these studies When the drug uas in effect, 
even this restlessne'Js u as annihilated On the other hand, the nurse was 
engaged with his routine duties up to the moment the hyoscin was given, 
and the added abnoimal activity which this occasioned persisted for sev- 
eral hours It has been shoun,® however, that when the diet contains a 
sufficient amount of carbohydrates and fat the protein metabolism is not 
appreciably altered by muscular activities The diet used here conforms 
to these lequiiements and, therefore, it is necessary to throw aside this 
factor as a possible explanation of the variations in the protein metabol- 
ism as found in these observations 

Whatever may be the cause or the specific manner in uliich the vai ra- 
tions m the uiinaiy constituents were produced, theie has been apparently 
some inter feience through the action of these drugs with one or more 
steps at some point in the process of metabolism 11111011 has led to a gen- 
eral deiiation from the normal m the amounts of the various uiinai} 
bodies as determined in these anatyses And the very fact that this 
deviation, whether an increase or the reverse, has been such that the 
usual ratios have not been changed, iiould seem to indicate that the force 
in effect has been of such a nature and has been applied at such a point 
as to occasion a retardation (01 acceleration) of the metabolic processes 
at a stage at which all elements would be influenced equally Looking at 
the question from this point of view, the following possibilities need to 
be considered 

1 There ina^ have been some dela} in the processes of absorption 
from the alimentaiv tract 

2 There may hare been a variation m the intensity of tissue metabol- 
ism 

3 An inter feience with the elimination of normally formed product^ 
may hare occurred 

That there may have occurred some delay in the absorption seems 
possible The effect of morphin alone on the intestinal movements has 
lieen Imown for some tune, but the work of Magnus has added much to 
(his knowledge Magnus" has shoun that morphin causes a very high 
grade of letaidation in the passage of food along the alimentarj canal 
and that after the administration of morphin food remains in the stomach 

6 Wait Expel iments on the Eftect of Muscular Work on the Digestibility of 
Food and the Metabolism of FTitiogen, U S Dept of Agric , 0 E S Bull 117, 
1902, p 40 

7 Magnus, R Die stopfende Wiikung des Moiphins, Arch f d ges Phrsiol , 
1908, cxxn 210 
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many lioiiis longer than ]s normal Such a stasis of the food would lead 
to a delay in absorption which would veiy piobably cause a decrease in 
the amount of food metabolized, and this m turn w'ould show itself in a 
decrease in the output of metabolic pioducts during the peiiod over 
wdiich the diug was in action And yet the reduction on the days when 
the drugs iveie given is not so veiy extensive— not so much as one might 
expect from the enoimous delay that j\Iagnus has shown to occur as the 
result of moiphm alone. This suggests that the seopolamin may exeit 
some antagonistic action, so that the full effect of the morphin is not 
hi ought into action The effect of the seopolamin alone on the nuise 
might offer additional weight tending to corroborate this suggestion 
WJiethei 01 not it would he jushdable to accept this, it seems that with- 
out doubt the effect of moiphm in piodueing delayed absorption from 
the alimentar} tiact is one of the most important and piominent factors 
in explaining the deviation of metabolism as found in this study 

A decrease in the tissue metabolism is the second stage at which a 
geneial action of the diugs might be looked for It wmuld not be expected 
that a vaiiation that w'ould affect the metabolism of nitrogen would occur 
at this point, and, although such may be the case, there is no tangible 
evidence to suppoit the conclusion that any of the metabolic processes 
w^ere here interfeied with so as to cause such vaiiations in the urinary 
output as have been found 

The action of moiphm on the intestinal movements would perhaps be 
of consideiably more importance m considering the elimination of nor- 
mally foimed metabolic pioducts thiough the feces The slowing of 
bowel evacuations due to morphin ivas not particularly well marked in 
these cases TJnfortunatelj, as the feces w^ere not divided into twenty- 
four-houi pel rods corresponding to the times when the urine w^as col- 
lected, the determination of the average daily output of the fecal constitu- 
ents for the uhole perioa of the experiment would offer no data of value 
m this connection On this account these figures are not given here 
The action of the members of the atropm gioup on the secretions in 
general might lead to the idea that it had exerted some effect on the renal 
secretion in the case of the patients Besides the fact that the atropm is 
not supposed to exert directly much effect on the kidneys, however, we 
have the diametrically opposite effect produced in the nurse to whom the 
seopolamin w'^as given alone It is notable, too, that with the nurse the 
water content of the urine was but very slightly^ increased, so that the 
enormous relative increase in the amounts of the other constituents can- 
not be due to a flushing-out action of a sudden, large increase in the 
amount of the urine voided That the entire variation may not be 
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imputed to an incompletely emptied bladdei, it might be stated lieie that 
with all of the patients it was deemed advisable to use the catheter fie- 
quently in order to avoid, as fai as possible, eriors from this source 
The third patient (E J D ), for instance, in whom the decrease is 
exceedingly clearly shown on the second day, was catheter ized both dm nig 
the twenty-four hours and each day exactly at the time of ending of the 
period 

In the patients the decrease noticed was not merely a return to nor- 
mal from a level already heightened b}’^ some unknown process incident 
to the diseased state That this is true is seen in the fact that the 
amounts of the various urinary constituents excreted before the drugs 
were given is in most mstances already decidedly lower than that which 
IS considered the ^^noimal” for this particular diet With the nurse the 
amounts were definitely higher than this normal for the twenty-four 
hours during which the drug was administered 

CONCLUSIONS 

Although generalizations cannot be drawn with final security from so 
limited a series of observations, it seems that the points brought out by 
these observations justify the following eonclusions 

1 Scopolamm-morphin when given together in sufficient quantity 
and when leading to a depression of activities cause a decrease in the 
absolute amounts of nearly all of the normal constituents of the urine 

2 Scopolamin alone, when it leads to an elevation of activities, 
causes an increase of such constituents 

3 The increase oi decrease affects all constituents about equally 

4 The effect of both drugs together or of the scopolamin alone is 
shown transiently not more than tivelve boms and perhaps less, and on 
the day following the administration of the drugs the variation is partly 
counterbalanced by an increase or decrease, as the case may be 

5 Eepeated doses of both drugs together over a long period of time 
will lead to a form of tolerance 

6 The influence on metabolism, as indicated by the variations in the 
urinary secretion, seems due to an indirect and secondary action of the 
drugs The retardation of absorption from the alimentary tract is con- 
sidered the prime cause for the variations found in the mine during 
these studies 



PHYSIOLOGICAL AHD PATHOLOGICAL BPPECTS OF SEVERE 
EXERTION (THE MARATHON RACE) ON THE 
CIRCULATORY AND RENAL SYSTEMS 
JOSEPH II BARACH, MD 

riTTSBL’RG, PA 

INTRODUCTION 

One of the decisive battles of the woild was fought in year 490 B C 
MiltiadeS;, a Gieek general, commanding an aimy of but 11,000 men, 
defeated the Persians, numbeiing over 100,000 The conflict took place 
on the Maiatlion plain After the battle a soldiei was dispatched to carry 
the neus of victoi} to Athens, a distance of 40 kilometers (34 85 miles) 
As he leached his destination, having lun without stoppmg, and as he 
emitted the ivoids, ^‘Victoi} is ouis,'^ he fell dead 

In 1896 the Giecian government established the course covered by this 
unknoivn soldiei as an oSicial event of the Olympic games America was 
not especially inteiested in this until an American youth, in 1908, won 
the lace Since then it has become popular on this contment, it has, in 
fact, become almost a ciaze with the American boys to train for and com- 
pete in these races 

It can easily be seen what a feitile soil for study of the circulatory 
system such youths might furnish, and this study has, along certain lines, 
been made wnth fruitful results 

HISTORICAL 

In 1899 Drs Williams and Arnold^ studied a senes of these cases 
Prom 1900 to 1903 Drs J B Blake and R C Lairabee" studied the con- 
testants who ran in the Boston Athletic Association lace Since then a 
senes of these have been studied by Drs Nathaniel B Potter and James 
T Hariington “ The work reported so far is admiiable and full of inter- 
esting findings, much of wdiich all investigators in the future will find 
themselves lepeating The most difficult problem that presents itself to 

^ Pi esented by ini itation before the Amei ican Phj Biological Society, Dec 30, 
1909, Boston 

1 Williams and Arnold Effect of Violent and Piolonged Muscular Exeicise 
on the Heart, Philadelphia Med Joui , 1899, iii, 1233 

2 Blake, J B , and Larrabee, E C Observations upon Long-Distance Run- 
ners, Boston Med and Surgical Jour , 1903, cvlviii, 195 

3 Pottei, N B, and Harrington, J T Medical SupeiMSion of^ Athletics 
Among Boj s at Boaiding Schools, Joui Am Med Assn 1909, liii, 1957 
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tlie mvestigatoi along this line is the handling of these yonths and men 
In onr work this was made comparatively easy for ns by the Pittsbnrg 
Athletic Association They made it imperative that the contestants pre- 
sent themselves for exammations at the specified times, and with that they 
liberally furnished us everything necessary and convenient to make these 
studies successful in every possible way Por all this we wish to express 
our smcerest appreciation, and we feel that the results that they have 
made possible have warranted their liberality 

The work heie considered is but one phase of the studies earned out 
by Dr Watson L Savage, Dr John W Boyce and myself My part of 
the work is limited to the circulatory and renal systems, and I present 
the observations here in the order in which they were made 

The 55 contestants in this race were youths and men from the ordi- 
nary walks of life, and most of them were new recruits to this form of 
exertion 

t 

PULSE-RATE DURING TRAINING 

At some time during the week before the run we had the contestants 
count their pulse in the morning before getting out of bed and in the 
evening before retiring They all ran their trammg distance on that 
day, which varied from 2 to 18 miles, the average being 7 

Table 1 shows the mornmg pulse to have been below 71 in 13 out of 
16 cases, and the evenmg pulse was below 71 m 10 out of 16 cases 
Taken as a whole, the pulse-rate is a little slov er than what is considered 
normal foi the average individual 

table 1— morning and evening pulse during training 


Morning Pulse 

Cases 

Evening Pulse 

Cases 

40-50 

1 

40-50 

0 

50-60 

6 

50 60 

2 

60-70 

6 

60-70 

8 

70 80 

n 

o 

70-80 

6 


16 


16 

RELATION 

OE MORNING 

AND EVENING PULSE 



I noticed that in about half of the number there was a maiked difier- 
ence between the morning and evenmg pulse-rate In Table 2 these 
eases are separated in two groups A further study brought out the 
mterestmg fact that those subjects who showed the greater diurnal varia- 
tion had highei blood-pressures And there was but one subject that 
showed high blood-pressure who did not have this marked diurnal varia- 
tion 
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The '^iib^ect‘5 in the second gioiip are tiirthei advanced m life than 
those of the first gioup and a higher l)lood-pre=sure is to expected, never- 
theless, as will he seen later, these readings are higher than they should 
he, all things considered 


TARLH 2— MORNING AND EVENING PULSE DURING TRAINING 

Noimal Vniintlon Hypeinotmal Variation 

Pulse Pulse- 


Age 

A M 

PM 

B-P 

Age 

AM 

PM 

B-P 

18 

72 

G8 

110 

20 

52 

53 

140* 

19 

58 

58 

118 

21 

GO 

74 

135 

19 

54 

04 

120 

25 

50 

70 

150 

22 

GO 

G3 

125 

29 

00 

74 

1C2 

22 

70 

74 

125 

51 

48 

C7 

138 

29 

G4 

OG 

115 

5G 

55 

G5 

132 

29 

GO 

G2 

122 

3G 

70 

78 

140 

29 

05 

71 

120 

52 

5G 

G8 

134 


• Exceptional case 


PULSE-RATL BEPORE IHE R^IGE 

The pulse-rate was taken in the hoiizontal position in all cases hefoie 
the lace Half of them on the pieceding evening and the others in the 
forenoon within three hours hefoie the lace So far as could be esti- 
mated, the psychic influence of our investigations on these contestants at 
this time was not a considerable factoi, as we made an effoit to put them 
at ease so as to eliminate, if possible, such influence on the pulse-rate and 
blood-pressure leadings 

Table 3 shows that, while the pulse vaiied fiom 50 to 110, in most 
cases it u as normal 

TABLE 3— PULSE-RATE BEFORE RACE 


No Cases 

Pulse Bate 

No Cases 

Pulse Bate 

2 

50 55 

10 

80- 85t 

0 

55 60* 

1 

85 90 

7 

60 65* 

2 

90- 95 

11 

65 70* 

I 

95 100 

9 

70 75* 

1 

100 105 

8 

75 80t 

o 

105 110 


Total number of cases, 35 

♦ Pulse rate 55 to 75, 27 cases t Pulse-iate 75 to 85, 18 cases 
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BLOOD-PBESSURE STUDIES 

These lecords Avere made with the Eilangei and the Stanton sphygmo- 
manometers They were both fitted with the same Avidth rubber cuff (10 
cm ) and had been pieviously tested and compared All the work referred 
to in this paper was performed with the instruments used in these obser- 
vations 

Before the race ive obtained complete lecoids made with the Eilanger 
instrument in 34 cases and ivith the Stanton in 31 ]!fo attempt was 
made at reading the diastolic pressure ivith the Stanton instrument 

NORMAL BLOOD-PRESSURE 

As a basis for comparison in this senes a cuive was constructed based 
on 90 blood-pressure observations in normal males at the succeeding 
3 ears This is shmvn in Chart 1 and the succeeding charts of averages 
Ot the individuals of 60 and over, ivliile it may be said that they should 
not he considered normal on account of the changes that are invaiiahl}’’ 
present at that age, yet I can affirm that they w^eie distinctly free from 
marked evidences of disease 

It will be noted that with the advance of years the curve gradually 
tends upivard This seems in accordance with the fact that the heart 
enlarges as the age of the individual progresses 

With this line as a normal level of the maximum blood-pressure, in all 
of my observations in the past, I have found that a variation of more than 
35 Him above or below is usually associated with evidence of disease 

MAXIMUM BLOOD-PRESSURE BEFORE RACE 

Tnese determinations iveie made with the Erlanger instrument 
eighteen hours before the race in 34 cases, and with the Stanton two 
hours before the race in the other 39 of the series The average maximum 
blood-piessiire of the entire series of 53 cases was 136 5 mm 

The average maximum of these cases, arranged according to the age, 
IS shown in Table 4, winch shows the constancy and legularity ivith 
which the blood-pressure rises as age advances 

TABLE 4 — AA'^ERAGE MAXIMUM BLOOD PRESSURE BEFORE RACE IN 45 CASES 


No Cases 

Age 

Average Maximum B -P 

12 

18-20 

12215 

20 

20-25 

125 05 

11 

25 30 

129 00 

2 

30 35 

13G00 
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BLOOD PRESSURES IN MARATEON RUNNERS 

The aveiage maximum, mmimum and pulse-piessnies of these con- 
testants, liist in the hoii7ontal and then in the eiect position of the bodi, 
IS to be seen in Table 5 These cases are aiianged in the older m which 
the contestants finished in tlie lace As is well Icnown, the change of the 
bod}’^ postil] e causes ceitain alterations in the i elation of the pulse and 
blood-piessiiies These are noted in the last column of the table as plus, 
minus and equal The conclusions fioin these mil be commented on 
latei 

TABLE 5 — BLOOD rRESSURES BEFORE THE RACE IN HORIZONTAL AND 

ERECT POSTURES 


Iloilfontal Eiccf 






-B P- 




-B -P - 



Result 


No 

Age 

Pulse 

S 

D 

P P 

Pulse 

S 

D 

P-I 

‘ P 

S 

D 

P-P 

4 

IS 

72 

110 

90 

20 

72 

115 

SO 

35 

— 

+ 

— 

+ 

5 

28 

105 

132 

98 

54 

97 

128 

95 

33 

— 

— 

— 

— 

7 

30 

03 

132 

100 

52 

70 

132 

100 

32 

4- 

= 

— 

— 

11 

19 

78 

120 

85 

35 

90 

120 

80 

40 

+ 

== 

— 

+ 

12 

21 

70 

143 

100 

45 

SO 

143 

100 

45 

+ 



= 

U 

22 

74 

123 

100 

25 

70 

122 

100 

22 


— 

= 

— 

15 

10 

84 

110 

90 

20 

84 

118 

85 

33 

= 

+ 

— 

+ 

17 

23 

100 

135 

90 

45 

100 

135 

100 

35 

= 

== 

+ 

— 

19 

27 

GO 

122 

00 

32 

70 

118 

90 

28 

+ 

— 


— 

22 

21 

80 

130 

100 

30 

83 

132 

110 

22 

+ 

+ 

+ 

— 

24 

27 

07 

120 

05 

25 

72 

130 

100 

30 

+ 

+ 

+ 

+ 

27 

19 

54 

118 

02 

20 

74 

112 

92 

20 

+ 

— 

= 

— 

30 

25 

05 

110 

90 

20 

70 

112 

98 

14 

+ 

+ 

+ 

— 

32 

52 

82 

134 

100 

34 

78 

138 

100 

38 

— 

+ 

= 

+ 

38 

21 

09 

124 

93 

29 

70 

120 

100 

20 

+ 

— 

+ 

— 

39 

19 

87 

153 

130 

25 

84 

142 

118 

24 

— 

— 

— 

— 

40 

23 

GO 

133 

110 

23 

00 

135 

100 

35 

= 

+ 

— 

+ 

41 

•) 

04 

130 

92 

38 

04 

132 

90 

42 

= 

+ 

— 

+ 

43 

20 

75 

120 

88 

32 

70 

100 

SO 

20 

-f 

— ■ 

— 


47 

29 

83 

102 

112 

50 

83 

150 

105 

45 

+ 

— ■ 

— 

— — 

48 

27 

02 

130 

100 

30 

72 

120 

100 

20 

+ 

— 

== 


49 

27 

72 

130 

93 

33 

70 

132 

100 

32 

— 

+ 

+ 

— 

30 

21 

70 

105 

85 

20 

70 

110 

85 

25 

— 

+ 

=s 

+ 

51 

IS 

70 

118 

05 

23 

S3 

110 

95 

15 

+ 

— 


— 

— 










+ 14 

+10 

+ 8 + 

8 











— 4 

—11 

— 9 — 

14 

Areiage 

74 8 

127 8 

96 7 

30 3 

78 3 

124 9 

95 9 

29 3 

= 6 

== 3 

= 9 = 

o 
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TABLE 6 —MAXIMUM, MINIMUM AND 'PULSE-PRBSSURB BEFORE RACE 

ACCORDING TO AGE 


HOR1ZOJ.TAIJ 


— Age IS to 

20— 

— Age 20 to 25 — 

— Age 

25 to 

30— 

— Age 35 to 

40— 

Max 

Min 

P-P 

Mas 

Mm 

P.P 

Mas 

Mm 

P-P 

Mas 

Mm 

P-P 

110 

90 

20 

145 

100 

45 

132 

98 

34 

132 

100 

32 

120 

85 

35 

125 

100 

25 

122 

90 

32 




110 

90 

20 

135 

90 

45 

120 

95 

25 




118 

92 

26 

130 

100 

30 

110 

90 

20 




155 

130 

25 

124 

95 

29 

162 

112 

50 




118 

95 

23 

133 

110 

23 

130 

100 

30 







120 

88 

32 

130 

95 

35 


AGE 52 





105 

85 

20 




134 

100 

34 

Aveiage 
121 8 

97 

24 8 

123 3 

96 

31 

129 

98 

32 









ERECT 






115 

SO 

35 

145 

100 

45 

128 

95 

S3 

132 

100 

32 

120 

SO 

40 

122 

100 

22 

118 

90 

28 




118 

85 

33 

135 

100 

35 

130 

100 

30 




112 

92 

20 

132 

100 

22 

112 

98 

14 







120 

100 

20 

150 

105 

45 




142 

118 

24 

135 

100 

35 

120 

100 

20 




110 

95 

15 

100 

80 

20 

132 

100 

32 


AGE 52 





110 

85 

25 




138 

100 

38 

A-veiage 
119 5 

91 6 27 8 

124 8 

95 6 

28 

127 

98 2 

28 8 
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Fig 1 — A-^eiage maximum blood-pressui e (befoic the lace) of contestants 
(line A A) comxiaied uitli a-veiage maximum blood jnessure in 90 noimal men 
( line X X ) 


On the maximum blood-piessures m all the subjects at then lespectne 
ages I have constructed the chait shown m Figure 1 and it is to be 
noted that this cul^e is at about the upper limit of the noimal blood- 
pi es&uie zone 
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RELVTIOIC or BODl WEIGHT 10 LLOOD-PRESSUKE 

Table 7 shows that half of the ovei weighted subjects and a little over 
a thud of the uiideru eighted subjects had higher than aveiage blood- 
pi cssuie Between the degiee of o\er\\ eight and the height of the blood- 
pi essinc theie was no i elation uhatevei 


TABLE 7— RELATION OF BODY \\EIGUT TO BLOOD PRESSURE 



od Cases 



Cases 

Hjpei tension 

UndeiwelKhl 

34 

10 

Oiorft eight 

IG 

8 

Normal 

3 

0 


RELATION* or OCCUPATION* TO BLOOD-PRESSURE 

The occupations weie subdivided according to the amount of phjsical 
stiain Only those ueie classified with the h}*pei tension eases whose 
picssuies veie distmctlj above the aieiage for the age of the subjects 


lABLL S —RFLATION OF OCCUPATION TO BLOOD PRESSURE 


B -P Aveiage 


B -P Above Average 

Piofessionnl 

2 

1 

Clerk 

7 

1 

Light Laboi 

6 

2 

Total 

15 

4 

Heai \ Laboi 

9 

13 


RELATION OF PRIAIOUS jM^VRAlIION RUNS TO BLOOD-PRESSURE 

Some of the eonte«tants ueie experienced long-distance lunneis, but 
most of them had pai taken in long-distance laces not moie than one 
jeai , so that the extia strain tin on n on the ciiculatory sj'stem was rathei 
sudden and in some instances it vas peisistent duiing the entiie year oi 
less 

Table 9 shows the numbei of laces lun and the time of long-distance 
lunning The lunneis showing high blood-pressure aie in those who had 
tiained for and run fiom three to five races within the fiist year of their 
expel lence The experienced lunneis of nine, ten, eleven and twentj 
3 ears all had aveiage blood-piessuies 
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TABLE 9 

—PREVIOUS RUNS AND 

BLOOD-PRESSURE 

Long Dis 

Run Marathon Races 

Blood-Pressuie 

20 

8 

Average 

11 

3 

Average 

10 

6 

Average 

9 

4 

Average 

2 

5 

Average 

1 

5 

High 

1 

5 

High 

1 

4 

High 

1 

4 

Average 

1 

3 

High 

1 

3 

High 

1 

3 

Average 

1 

3 

Average 

1 

3 

Average 

1 

2 

Aveiage 


HEART CASES 

Auscultation was earned out in every one of the 55 contestants, 
uitliin twentj^-four lioiiis betoie the race, with abnormal findings in seven 
cases, as shovn in Table 10 

TABLE 10 —HEART CASES 

Cases 


Systolic muimui at ape\ 4 

Sjstolic muimui at pulmonic aiea 1 

Muffled flist sound at apex 1 

Arrhythmia 1 


On inspection, a consideiable number showed very prominent apex 
beat, and in nearly all cases the impulse was plainly visible Percussion 
vas not earned out, as the piesence of hypertrophy was to be detei mined 
b-^ a more accurate method 

BLOOD-PRESSURE IX HEART-MURIMUR CASES 

In each of the five murmiii cases theie was a maximum and minimum 
piessiire distinctly above the normal line, and four of them showed a 
piessiiie very much higher than the average height 

Table 11 gives the readings in these cases, and Pigure 2 shows then 
maxnnuin blood-pressuie as compared with the other athletes and normal 
indn iduals 
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BLOOD FBESSURES IN MARATHON RUNNERS 


TABLE 11 — nBABT-MURMUR CASES 


Age 

Max Blood-Pressure 

Min Blood-Pressure 

18 

no 

90 

19 

155 

130 

21 

Iso 

100 

29 

1G2 

112 

36 

132 

no 



Fig 2 — A\otagc nia\imum blood pressure (line H-H) of five contestants with 
lieait niui mills (Ijcfore the race) compared ivith average mavinium blood pies 
sure of other contestants (line A-A) and of normal men (line JT-N) 


RELATION OF HEART CASES TO BODY WEIGHT 

Having learned that in these cases there was no history of caidiae 
involvement from disease, I thought it might be of mterest to search foi 
othei causative factors We have studied the age, height and weight of 
these contestants and classified them as over, under and normal weight 
The 3 elation of these heart cases to the bod}' iveight is shown in Table 12 

TABLE 12 —BODY WEIGHT IN HEART CASES 


Before Race After Race 


Heait. 

W eight * 

Heart 

"Weight 

Intel mlttent 

— 

Intel mittent 

— 

Syst Apex 

N 

Syst Base 

— 

Syst Apex 

— 

Sj st Apex 

N 

Syst Apex 

— 

Syst Apex 


Syst Apex 

-h 

Irieg 


Syst Pulmonic 

Airhythmia 

In this column -p 

+ 

means overweight. 

— , underweight, and N, noimal 



The table shows that the murmurs were entnel} independent of body 
overweight, and that the proportion of underweight cases is about the 
same as in the entire series 


Hiiiia 
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BLOOD-PEESSURE AETER THE RACE 

Tlie blood-jDiessure readings were made immediately aftei the finish 
in nearly every case In only a few instances was it delayed foiii or five 
minutes after entrance to the medical tent Eor comparison, the read- 
ings obtained before the race are lepeated in the following tables The 
average of the maximum pressures before the lace was 136 5 (53 cases) 
and 107 3 (38 cases) after the race 

Table 13 gives the readings in the individual cases after the lace and 
the average pulse-rate, maximum, minimum and pulse-pressures, in the 
honzontal and erect postures The effects lesulting fiom the change of 
posture are to he noted in the last column 

TABLE 13 —PULSE-RATE AND BLOOD-PRESSURE IN HORIZONTAL AND ERECT 

POSTURES AFTER THE RACE 


-Honzontal Erect 





B 

P- 




B -P — 




R 

esult 


No 

Age 

Pulse 

S 

D 

P-P 

Pulse 

S 

D 

P-P 

P 

S 

D 

P-P 

4 

IS 

93 

93 

88 

7 

112 

98 

90 

8 

+ 


+ 

+ 

5 

28 

120 

93 

80 

13 

138 

90 

•) 


+ 

— 



7 

36 

112 

88 



120 

88 

•> 


+ 

= 



11 

19 

112 

100 

70 

30 

112 

108 

76 

33 

— 

-h 

+ 

+ 

12 

21 

100 

108 

SO 

28 

108 

100 

80 

20 

-1- 

— 

= 

— 

13 

22 

96 

94 

74 

20 

100 

92 

SO 

12 

-f 

— 

-i- 

— 

lo" 

18 

104 

105 

SO 

25 

120 

110 

75 

35 

-H 

+ 

— 

+ 

17 

23 

106 

100 

80 

20 

116 

88 

75 

13 

+ 

— 

— 

— 

19 

27 

93 

110 

85 

23 

114 

100 

85 

15 

+ 

— 

= 

— 

22 

21 

90 

100 

82 

IS 

90 

85 

70 

15 

+ 

— 

— 

— 

24 

27 

80 

110 

72 

38 

93 

105 

80 

25 

-f- 

— 

+ 

— 

27 

19 

SO 

114 

90 

24 

116 

108 

90 

IS 

-f 

— 


— 

30 

25 

81 

110 

93 

15 

96 

110 

92 

IS 

-h 

— 

— 


32 

62 

106 

118 

92 

26 

129 

108 

90 

18 

-1- 

— 

— 

— 

3S 

21 

81 

80 

75 

5 

99 

95 

SO 

15 

+ 

+ 

+ 

+ 

39 

19 

108 

92 

78 

14 

120 

82 

72 

10 

-i" 

— 

— 

— 

40 

23 

114 

108 

88 

20 

135 

108 

88 

20 

+ 


= 

= 

41 

*3 

, 60 

122 

88 

34 

81 

130 

100 

30 

+ 

-f 

+ 

— 

43 

20 

92 

120 

88 

32 

110 

100 

SO 

20 

-f 

— 

— 

— 











-M9 

+ 5 

4- 6 

+ 6 











= 1 

—12 

— 8 

—12 

Average 95 6 

103 6 

82 

5 22 

111 3 

100 2 

82 4 

19 1 

— 3 

= 3 

= 4 

= 1 



a‘l2 BLOOD PItESSUliIJS IK MABATHOK BUKKURU 

The averages of the leadings aftei the laee (Table 13), as compaied 
vith the findings pi e\ ions to the laee, aie shonn in Table 14 


TAIinB 14 -PULSE-RATE, MAXIMUM MINIMUM AND PULSE PRESSURE, BEFORE 

AND AFTER THE RACE 



Case^ 

Pulso 

— HorI/( 

iMa\ 

)ntal — 

Min 

P-P 

Pulse 

Erec 

Max 

,t 

Min 

P-P 

Beloie 

21 

74 S 

127 8 

0C7 

30 3 

78 3 

124 0 

95 9 

29 3 

Affoi 

10 

ns c 

103 G 

82 5 

22 0 

1113 

100 2 

82 4 

191 


Aiianged aecoiding to age, the individual leadings aie to be seen in 
Table 15 

I’ABLE 15 — MAXniUM, MINIMUM AND PULSE-PRESSURE AFTER RACE, 
ACCORDING TO AGE OF SUBJECTS 


IIOnl?ONTAI, 


— Age 

18 to 

20— 

— Age 

20 to 

25— 

— Age 

25 to 

30— 

— Age 35 to 40 — 

Max 

Mln 

P-P 

Jlax 

Mlu 

P-P 

Max 

Mln 

P-P 

Max Min P -P 

95 

88 

7 

108 

SO 

28 

95 

80 

15 

88 ’ 1 

100 

70 

30 

94 

74 

20 

110 

85 

25 


105 

80 

25 

100 

SO 

20 

110 

72 

38 


114 

00 

24 

100 

82 

18 

110 

05 

15 





80 

75 

5 





02 

78 

14 

108 

88 

20 




AGE 52 




120 

88 

32 




118 92 26 

Aveiage 










1012 

81 2 

20 

101 4 

81 

20 4 

100 2 

83 

23 2 







TKECr 





98 

90 

8 

100 

80 

20 

90 

9 

9 

88 ’ ' 

108 

75 

33 

92 

SO 

12 

100 

85 

15 


110 

75 

35 

85 

70 

15 

110 

02 

18 


108 

90 

18 

95 

80 

35 





82 

70 

10 

108 

88 

20 




AGE 52 




100 

80 

20 




108 90 ~ 18 

A\ et age 








19 3 


101 2 

80 4 

20 8 

95 4 

79 

1C 4 

1011 

85 G 



The chart shoira in Tigure 3 is based on the readings obtained imrne 
diately after the race It shows the normal curve, the curve based on t ic 
aveiage of all the cases after the race, and the blood-pressme readings in 
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30 3 

the minmiii cases It will be noted that the total aveiage curve is now 
below the normal line, whereas hefoie the lace it was about 25 mm above 
the line It will also he noted that the muiimii eases suffered a gieatei 
fall than the others 


Qoe 

iO 


"515 a 

TT 



to 

”S5 

60 

26 ' 

“8^15 


n 

° 60 
150 





































— 


— 

— 

— 

— 

— 

— 

— 

f— 

— 

— 

— 

— 

— 

— * 

— 

h- 

— 

— 

r 

— 

— 

— 

— 

3 ;^ 

— 

— 

— 







s 

40 

s 

SI 


S 




U- 




* 







Si 


= 

*** 

2 



2 






MM 



■■ 


30 

20 

— 






















1 















— 

■n 

— 

— 

— 

— 


— 

— 

— 1 

— 


— 

— 





= 


E 






— 


— 

— 



— 


— 

wm 


5 

n 




•K 

1 


AM 

riH 

a 

= 


=1 

— 

— 

— 

= 


= 


= 






E 

E 

E 


— 



E 

90 

— 

llk’l 




liM 

' — 

— 1 

— 

— 


Si 

— 

— 


— 

— 

— 

— 

— ■ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

go 





































—1— 


mm 

u: 


L* 

Imm 

imm 

L: 

LJ 


LJ 



LmI 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 


Lm 








:s 




Fig 3 — Avei age maximum blood-pi essui e aftei the i ace in the contestants 
with lieait mill mills (line H-H) and in all contestants (line A- A) compaied with 
noimal cuive (line K-N) 


HEABT CASES IN THE RACE 

Of the 5 lunneis who had iniirmuis hefoie the lace, 4 ran the full 
distance and one lan nineteen miles Tliiee of these were among the 
first 12 to finish the lace These lunneis were all new to long-distance 
running 

Aftei the lace the lieaits weie auscultated in the fiist 45 as they fin- 
ished Out of the 29 that finished within the time limit (four houis, 
fifteen minutes) 5 presented lieait conditions Table 16 shows the place 
in which they finished The fouitli column in Table 16 shows the pio- 
poition of the pulse-pi essure after the race to that hefoie 

TABLE 16 — PULSE-PRESSURE BEFORE AND AFTER THE RACE IN RUNNERS 

WITH HEART SYMPTOMS 


Fjmshed 

Befoie Race 

1 

Muffled apex fiist 

Aftei Race 

Pulse-Pressuie 
After Befoie 

2na 

Intel mittent and weak 



3ia 

0 

Sj'stolic base 



4th 

Sjstolic apex 

Sj'stolic apex 

7 

20 

5th 

0 

Systolic apex 

Ij 

34 

7 th 

Sistolic apex 

0 

•) 

32 

12th 

Sjstolic pulmonic 

0 

20 

45 

29th 

0 

Iiiegulai 



39th 

Sj'stolic apex 

0 

10 

29 

47 th 

Sjstolic apex 

Not examined 



oOth 

Arihj’thmia 

Not examined 
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BLOOD PRESSURES IN MARATHON RUNNERS 


TliesG “lieait subjects” had moie lapid pulses and smallei pulse- 
pi essuies as a result of the exertion Their blood-pressures aie shown in 
the chaits, Figuies 2 and 3 

BLOOD-PRESSURE TEN DAYS SUBSEQUENT TO THE RACE 

At this time uc find the blood-pressuie about the same as befoie the 
lace, 01 , lathei, it was neaiei the noimal line than befoie 

TM5LE 17— A^ERAGE MAXIMUM BLOOD-PRESSURE BEFORE, IMMEDIATELY 
AFTER, AND TEN DAYS SUBSEQUENT TO THE RACE 




Cases 

Before 

12G 5 

53 

Iinmedlalclj aiiti 

107 3 

38 

Ten dais subsequent 

124 7 

19 


Table IS shous the aveiage pulse-iate, maximum and minimum, and 
pulsc-pi essuies in the hoiizontal and eiect postuies, as eompaied with the 
tables of the same data before and after 


TABLE 18— AVERAGE MAXIJIUM, MINIMUM AND PULSE-PRESSURES TEN DAIS 

SUBSEQUENT TO RACe“ 


Iso 

Cases 

Pulse 

— Hoilz 

Mav 

ontal — 

Min 

P-P 

Pulse 

Kie 

Max 

ct 

Min 

P-P 

Befoie 

24 

74 8 

127 8 

96 7 

30 3 

78 3 

124 0 

93 9 

29 3 

Immediatelj aftci 

19 

93 G 

103 G 

82 5 

22 0 

111 3 

100 2 

82 4 

191 

Ten days subsequent 

17 

G1 S 

124 7 

921 

33 7 

68 2 

1251 

93 2 

312 


The readings in the individual cases are to be seen in Table 19, and 
these cases, arianged according to age of subjects, aie given in Table 30 

TABLE 19 — INDIVIDUAL MAXIMUM, MINIMUM AND PULSE-PRESSURES TEN 

DAYS SUBSEQUENT TO RACE 

SOBSLQOENT 


■Hoiizontal ^Eiect- 






T> T> 




— B -P- 



Result 


No 

Age 

Pulse 

S 

— -Jr — 

D 

P P 

Pulse 

S 

D 

P-P 

P 

S 

D 

P-P 

4 

18 

60 

123 

88 

37 

52 

130 

95 

35 

+ 

-H 

+ 


5 

28 

76 

119 

90 

29 

SO 

120 

90 

30 

-f 

+ 

== 


7 

36 

64 

124 

87 

37 

70 

118 

100 

18 

+ 

— 

+ 


11 

19 

62 

120 

85 

35 

80 

130 

100 

30 

+ 

-f 

+ 


12 

21 

68 

152 

100 

52 

74 

152 

100 

52 

+ 

== 



13 

22 

63 

110 

75 

33 

66 

no 

SO 

30 


= 

-f 
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table 19 CONTIXEED 

SUBSEQUENT 

■Hoiizontal Erect 

-P -P Kesult 


15 

18 

52 

120 

95 

25 

70 

122 

92 

30 

+ 

+ 

— 

+ 

17 

23 

73 

118 

80 

38 

90 

120 

90 

30 

+ 

+ 

+ 

— 

19 

27 

48 

130 

100 

30 

52 

138 

98 

40 

+ 

+ 

— 

+ 

22 

21 

72 

138 

90 

48 

90 

128 

98 

30 

+ 

— 

+ 

— 

24 

27 

78 

120 

90 

30 

76 

120 

90 

30 

= 

= 

= 

= 

27 

19 

66 

135 

88 

47 

54 

120 

92 

28 

— 

— 

+ 

— 

30 

25 

56 

112 

92 

20 

58 

112 

92 

20 

+ 

= 

= 


32 

52 

56 

144 

no 

34 

64 

155 

no 

45 

+ 

+ 

= 

+ 

38 

21 

56 

110 

88 

22 

52 

no 

78 

32 

— 

= 

— 

+ 

40 

23 

62 

125 

100 

25 

66 

132 

100 

32 

+ 

+ 

= 

+ 

43 

20 

56 

118 

88 

30 

66 

no 

90 

20 

+ 

— 

+ 

— 











+ 14 

+ 8 

+ 8 

+ 6 











2 

— 4 

— 3 

— 8 

Average 

61 8 

124 7 

92 1 

33 7 

68 2 

1251 

93 2 

312 

= 1 

= 5 

= 6 

== 8 


TABLE 20— PRESSURE READINGS TEN DAYS SUBSEQUENT TO RACE, 
ARRANGED ACCORDING TO AGE OP SUBJECTS 

HORIZONTAL 


— Age 

18 to 

20— 

— Age 20 to 

25— 

— Age 25 to 

30— 

— Age 35 to 

40— 

Max 

Min 

P-P 

Max 

Mm 

P-P 

Max 

Mm 

P-P 

Max 

Min 

P-P 

125 

88 

37 

152 

100 

52 

119 

90 

29 

124 

87 

37 

120 

85 

35 

no 

75 

35 

130 

100 

30 




100 

95 

25 

118 

80 

38 

120 

90 

30 




135 

88 

47 

138 

90 

48 

112 

92 

20 







no 

88 

22 










125 

100 

25 





age 52 





118 

88 

30 




144 

no 

34 

A^elage 












120 

89 

36 

124 3 

90 

35 

120 

70 

27 









erect 






130 

95 

35 

152 

100 

52 

120 

90 

30 

118 

100 

18 

130 

100 

30 

no 

80 

30 

138 

98 

40 




122 

92 

30 

120 

90 

128 

120 

90 

30 




120 

92 

28 

128 

98 

30 

112 

92 

20 







no 

78 

32 










132 

100 

32 





AGE 52 





no 

90 

20 




155 

no 

45 

Average 












125 

72 

30 

123 

90 8 

46 

122 

92 

30 
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Six mouths htcL we examined /he of these lunneis and found the 
b]ood-piessuies lowei than at the pievious examination, then piessuies 
were gradually lowering towaid the noimal aveiage The readmes in 
these ca<;es aie seen m Table 21 


TABLJi 23-pnnssLKi: nnxDixGs ix five casks six moxths after race 


JIom/OMAIj 


...■ 

-Age 1 S to 20- 



A OrX ^ rv 





Max 

Mln 

p-r 

Max 

•-r\gc to 

Min 

Jo 

P-P 

Max 

-Age 25 to 30- 
Min 

P-P 

120 

00 

30 

122 

08 

24 

no 

84 

20 

120 

SO 

31 







lOG 

81 

22 







Aveiflgc 









llo 

SG 

28 

122 

08 

24 

no 

84 

26 





r nt cr 





no 

SG 

24 

130 

100 

30 

no 

82 

28 

no 

Sj 

2,1 







112 

00 

O 1 







Average 









no 

S7 

23 

110 

100 

30 

no 

82 

28 


The chait shown in Figuie 4 is based on tlie findings at the examma- 
tions ten days and six months aftei the lace The curve at the final 
examination is neaiei the normal level 



Fjg 4 — Aveiage ina\nniim blood-pi essin es (all contestants) obtained ten 
days (line XX) and si\ months (line Y Y) aftei the lace, compaied nitli noi- 
mal curve (line X-X) 


Each of the foui chaits o, 6, 7 and S lepiesents the blood-piessuie 
curve of an individual case They all show the inailced fall lesulting 
from the exertion, the height of the blood-piessuie ten days aftei the 
lace and the extent to which it had fallen at the end of six months Tn 

the case of M e it ivill be noted that at the end of six months liis 

blood-pressuie did not recede towaid the normal level as the otheis, the 
reason for this is that he had kept up Jus training and long-distance lun- 
ning to the verj'^ daj'^ of the last examination With the high pressuie he 
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still had the mitral systolic loud blowing murmur which he presented at 
all of the previous examinations 

In the last case, that of 0 ^n, who had a murmur before and imme- 

diately after the race, it was found ten days later that the murmur could 
be brought out only by his pacmg, and at the end of six months, even 
after pacing for a full half mmute, it could not be heard In this case, with 
the disappearance of the hypertrophy which was accompanied by a faU- 
mg of the blood-pressure, there was a simultaneous disappearance of the 
mumiui 

COirrAEISOX of BLOOD-PEESSUEE OBSEEVATIOIS'S BEFOEE, IlIjilEDIATELY 

AFTEE AND TEE* DAYS AED SIX MONTHS SUBSEQUENT TO THE EACE 

On the tables 1 to 21 I have constructed Charts 1 to 9 All consid- 
ered, the conclusions from these evidences are that as a result of training 
for the Marathon race a state of increased blood-pressure is developed, 
which IS considerably above normal In some cases when training is 



B-B, maximum erect line C-C, minimum horizontal, line D-D minimum erect, E, 
befoi e race , F, immediately aftei , G, ten davs, and H six months subsequent to 
race 

earned to a more severe degiee or because of a precedmg state of the 
heart we find still higher blood-pressures associated with heart murmurs 
As a result of tlie race the maximum, minimum and pulse-pressures 
m all cases are lowered, reachmg a point below the noimal average, and 
m the ‘dieart” cases a greater fall is sufiered than in the others 

Ten da 3 s subsequent to the race we find the blood-piessure about the 
same as before the race, or, rather, it is nearer the normal line )Six 
months after the race we find the blood-pressure lower than it was at the 
previous exammation , i e , still nearer to the normal 

EFFECT OF CHANGE OF POSTUEL ON BLOOD-PEESSUEE 

The observations were made first m the horizontal and then m the 
erect posture The surrounding conditions were as follows Being in 
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June, the external tempeiature was warm The contestants -«ere stripped, 
tliey had been weighed, measuied, hearts auscultated, all of which allowed 
them about ten minutes in tlie room pievioiis to the blood-piessure exami- 
nation TJiej then u allied ovei to the table and lay doivn, aftei which 
the ainilet was applied Withm thiee to live minutes the leading was 



Fig G — Blood-prcssures, case of Mo, tnaMmum and minimum, horizontal 
and elect, and times of examination indicated as befoio Jlitral sjstolic mm mm 
heaid at each examination 

made Without remoying the cuff they were directed to get up and stand 
beside the table not being allowed to lean against it, while the second 
reading was made After the lace they were laid on the table imme- 



Fig 7 — Blood pressures, case of H-s, maximum and minimum, horizontal and 
erect, and times of examination, indicated as before 


diately on entering the medical tent (on a run) While I was making the 
blood-pressure observation another man counted the pulse When this 
was done, the contestant was directed to get up, in many instances 
to be assisted, to stand as erect as possible without leaning against e 
table while the second reading was being made The technic of t e su 
sequent examinations was the same as that of the first This c lange lom 
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the hoiizontal to the erect posture caused alterations m the blood-pres- 
sure which maj' he seen in the last eolumns of Tables 5, 14 and 19 
These efiects aie summarized m Table 22 



Fig 8 — Blood piessmes, case of 0-n maMmum and minimum, horizontal and 
erect, indicated as befoie Pulmonaiv systolic muinnii heard before, after, and 
at the thud examination, but at the time of the fourth examination it had dis- 
appeai ed 

TABLE 22 —EFFECT OF CHA^'GE OP POSTURE ON BLOOD-PRESSURE 



BCrORE RACE 

Increased 

Diminished 

Unchanged 


No Cases 

No Cases 

No Cases 

Pulse 

14 

4 • 

6 

Maximum 

10 

11 

3 

Minimum 

6 

9 

9 

Pulse-Pressure 

8 

14 

2 

Pulse 

IIIMEDIATEEX XrXEB 

19 

PACE 

1 

Maximum 

5 

12 

3 

Minimum 

6 

S 

4 

Pulse-Pressure 

5 

12 

1 

Pulse 

TEN DAIS SUBSEQUENT 

14 

TO PACE 

2 

1 

Maximum 

S 

4 

5 

Minimum 

S 

3 

6 

Pulse-Pressure 

6 

S 

3 


CONCLUSIONS IN PJIGAED TO EFFECT FROil CHANGES OF POSTURE 

Befoie Bace — From these observations we may then saj that in mdi- 
viduals uith sound hearts having a definite degree of hypertrophy as a 
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lesult of change m postme, fiom the hoiizontal to the erect, tlieie is a 
iise m pulse-iate, the maximum piessure maj be increased oi diminished 
tile minimum piessuie may be diminished or equal, and ivitli this theie 
will be a diminution of pnlse-piessuie Tins occuis in moie than half of 
the cases 


A C 



Fig 9 — Fluoroscopic studies made by Drs John W Boyce and George W 
Griei Solid line indicates examination before, dotted line, immediately after, 
and line composed of dashes, examination a week after the race A, small heart, 
contestant dropped out at one mile, B, heart right size, contestant finished No 
11, C, large heart, left dilatation, D, aveiage case 

Immediately After Race — Following severe muscular exertion, in the 
greater number of eases, the change from the horizontal to the erect pos- 
ture causes an increase in pulse-rate, a falling of maximum and minimum 
pressure, and with this a lowering of pulse-pressure 
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Ten Bays and 8ia Months Subsequent to the Race — The changes 
were the same as before the race 

Ejfect of Change of Postw e in Heai L Gases — So far as could be seen 
these cases did not show a more striking uniformity in reaction to the 
change of posture than the other cases 

Relations of Maximum, Minimum and Pulse-Pi essui es to Each Othei 
— In most of these records it will he seen that the height of the minimum 
pressure was in proportion to the maximum, and that the pulse-pressure 
was greatest in those cases sliowing the highest maximum pressures 

EELATION OP X-KAT PINDINGS TO BLOOD-PRESSURE 

This wolk w^as carried out by Dr John W Boyce and Dr Geoige 
Grier with their assistants at the West Penn Hospital They classified 
the cases examined before the race as (a) small hearts, (b) hearts of the 
^Tight size” and (c) large hearts Those of the first group w^ere not 
small as compared to normal hearts, they were, in fact, larger than nor- 
mal, but they were the small hearts of this series The average maxi- 
mum blood-pressure of the small heart cases was 124 mm, while the 
average of the hearts of the ^Tight size” and large heart series was 138 mm 
Of SIX cases that had ‘‘small hearts,” none finished the race Of 17 that 
had hearts of the “right size,” seven finished This means that with the 
compensatory hj^pertrophy there comes increased endurance After the 
race, withm three-quarters of an hour in most mstances, tracings of heart 
shadows were again made The degree of dilatation varied 

The average fall in the cases of maximum pressure as a result of the 
race in those cases presenting a large degree of dilatation, wus 31 mm , 
while the average fall of maximum pi essui es m those outlined as showing 
little change in the heart shadow w^as 12 mm 

RENAL SYSTEM 

Befoie Race — The urme was examined in 24 cases One showed 
less than 0 1 per cent of albumm, which was not of renal origin There 
were no casts in any On standing over night, crystals of calcium oxa- 
late weie deposited in five specimens 

Immediately After Race — ^Amount We succeeded m getting 19 speci- 
mens, and in those the total quantity excreted during the time of the 
lace, which lasted between three hours and fourteen minutes to five 
hours The largest amount was 220 c c and the smallest was 35 c c 
Color This varied from normal to dark smok}- ambei , in several 
it was bloody 
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Beaction Tins A\as alkaline in those containing consideiable blood, 
and in the otheis it Mas acid 

Specific Gravit}^ This vaiied Iiom 3012 to 1035 There was no ratio 
betAieen the amount and the specific giavit}’’ 

Total Solids These vaiied fiom 2 2 gm to 13 51 gm The presence 
of blood makes the estimation valueless Even on eliminating the cases in 
Avliich there ivas consideiable blood in the urine, I could find no ratio 
hetiveen the solids and the loss of bod}^ m eight dining the race, nor to the 
total amount of mine 

Albumin Eveiy specimen ^lioiied albumin fiom meie tiace to a 
lieav}' cloud 

Sugar A positne leactioii ivas not obtained in any case 

Acetone Bodies Diacetic Acid With ferric chlorid a typical leac- 
tion Avas obtained in 3 ca'^es, it Aias distinctly piesent in 10, and in 
laige amounts m 4 eases It Avas absent in the case in A\dnch there AV'as 
the largest amount of mine passed and piesent in small amount in the 
next largest specimen Acetone The acetone leaction Avas less marked, 
but piesent Beta-ox 3 butyiic acid Avas tested and found in one of the 
specimens The natuie of the diacetic and acetone leactions wuS verified 
by H L Amos of the West Penn Hospital, to Avhom I am '•■debted foi 
the examination of a numbei of specimens 

Micioscopic Examination Ei^eiy one of the 19 cases shoAved casts 
five of them shoAved '‘shoAveis of casts ” All but the laigest specimen 
shoAved red blood cells, tliiee shoAved large amounts of blood In one 
specimen I found fat globules 

At Subsequent Penods — Out of the 19 specimens examined at the 
end. of a Aveek, 4 shoAved light clouds ol albumin and as many had casts 
Taao shoAved casts Ainthout albumin 

Three Aveeks after the race, 3 that did not show albumin before the race 
still shoAA’^ed traces of albumin and casts 


TABLE 23 — URINARY FINDINGS BEFORE THE RACE, IMMEDIATELY AFTER 

AND AT SUBSEQUENT PERIODS 


Before 

Immediately after 
One week subsequent 
Three weeks subsequent 


No of Cases Albumin Blood 
2 ^ 1 0 

19 19 18 

19 4 0 

3 0 


Casts Acet Bodies 
0 0 

19 IS 

G 0 
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RELATION OE CIECULATORT TO RENAL SYSTEM (AS ESTIIMATED BY ERINARY 

bindings) 

Table 34 gives the age, maxunum and pulse-pressures before and 
attei the race in the horizontal position, the amount of mine and appiox- 
imate amounts of albumin and acetone bodies 

TABLE 24 — RELATION BETWEEN CIRCULATORY AND RENAL SYSTEM 

(URINARY FINDINGS) 


Age 

Hor B -P 
Max 

Befoie 

P-P 

Ui 

CC 

me 

Albumin 

Hor B -P 
Max 

After 

P -P Acet 

Boflies 

IS 

140 


220 

I 

100 



3G 

140 


205 

I 

110 



25 

145 


200 

% 

130 



27 

122 

32 

195 

I 

no 

25 

I 

19 

122 


195 

I 

no 



18 

122 


190 

III 

96 



•> 

115 


190 

II 

88 



•3 

120 

32 

175 

I 

120 

32 

II 

31 

138 


170 

II 

92 



3G 

132 

32 

170 

III 

88 

low 

III 

•> 

132 

38 

170 

I 

122 

34 

0 

52 

134 

34 

150 

I 

118 

26 

I 

19 

118 

26 

130 

Vi 

114 

24 

IV 

25 

110 

20 

125 

1 

no 

15 

I 

20 

115 


120 

I 

98 



20 

115 


75 

III 

130 



21 

135 

45 

35 

III 

108 



23 

135 

45 


III 

100 

20 

I 


Trom this table it may be seen that the subjects having the highest 
maximum pi assures before the race excreted the largest amounts of 
mine during the race The pulse-pressures were obtamed in only part 
of this series, and their relation to the amount of urine seems variable 
Albumin was present in small amounts in the cases in which the 
larger quantities after the race weie passed 

Albumm was present in laigest amounts m those cases which show 
the gieatest fall m the maximum blood-pressuies, and in tliose which 
showed the most marked falls m the pulse-pressures 

Fiom these observations on the renal functions, it seems that tlie 
more serious the disturbance of the general circulatory system, the more 
marked are the evidences of this disturbance in the renal circulation, and 
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tins ]s evidenced by the amount of blood, degree of albuminuria and 
cidindimia 

As to diacetic acid, all consideied, it seems that it was found in 
laigei amounts in the mine fiom those who lan most successfully — i e, 
those uho ran hardest in the shoitest time Undoubtedly, many other 
factois pla}^ a part m this The amount of acetone seemed small in pro- 
poition to the diacetic acid, one way to account for this is peihaps that 
it was laigely eliminated b} the lespiratoiy effoit 

CONCLUSIONS 

In the conclusion of this study, it may be said that the most marked 
changes uhich occui in the contestants who tiaiu for and compete in 
this lace aie as follows 

Bcfoie iltc Bacc — The a\eiage individual who has tiained for this 
lace will about the time he is in good training condition, have a pulse 
that IS modeiately slowei than normal, with a normal diurnal vaiiation 
His blood-piessure is highei than that of the average individual, and ' 
with this he lias developed a compensatoi} h 3 'pertrophy If in his case 
it is found that he has a gieatei than noimal diurnal pulse, variation, 
that wull he associated with a higliei than average blood-pre=jure 

Oi ive may say that fiom these observations ■w'’e are led to believe that 
the individual who has this moie than average compensatory hj'pextiophy 
and higher blood-piessure, wall have a greater number of heart-beats in 
the twentj'^-foui houis The as^eiage heart shadow as seen with the a,-iay 
IS larger than normal in nearly all cases, and some wall show compara- 
tively very large heaits The subjects showing the larger hearts aie the 
ones that have the higher blood-pressures 

In the contestant wdio as a result of hard framing, or because of some 
uulcnown preceding state of his heart, has developed a heart murmur, 
there will be found the very large heart and higher blood-pressure Body 
overweight, laborious occupation, short and severe trainmg are productive 
of higher than average blood-pressures and associated hypertrophy 

Aftei the Race —As a result of this moidinate exertion, if he is of the 
average class, he will have a fall of about 20 per cent m his blood- 
pressure , if he IS of the ^dieart-murmur cases,” he will have a still greater 
fall in his blood-pressure If his heart shadow with the a:-ray shows a 
marked increase in size (much dilatation), his blood-pressure will have a 
greater fall than if his heart shadow remains about the same size (s ig i 
dilatation) 

At the end of six months the blood-pressure is still neaier the noima^ 
level than at the previous examination 



JOSEPH E BARACE 


405 


Most of these contestants had been running during the preceding six 
01 nine months, and it is natural to expect a gradual disappearance of 
the established hypertrophy, as oui findings bear out 

The change of posture from the horizontal to the erect is followed by 
certain accommodative changes in the blood-pressures, these depending 
largely on the reserve energj^ of the circulatory system, and the prompt- 
ness with which it reacts to the force of gravity 

The effect of this severe bodily exertion on the kidneys is definitely 
proportionate to the degree of general circulatory disturbance, of which 
the renal circulation is part 

In these studies we have had the rare opportunity of observing the 
transition stage from health to disease Beginning as physiologic changes 
many of these eases have transgressed the dividing zone entermg into that 
of the pathological The exciting factors once removed, a recession into 
the normal followed, in some eases reaching the physiological quickly, 
others slowly, while some, it may be, will never return to normal 

In closing, I wish to say that for the opportunity of studying these cases, and 
for innumerable suggestions that made this uork possible, I am deeply indebted 
to Dr Watson L Savage, Physical Director of the Pittsburg Athletic Association, • 
and Carnegie Technical Schools, and then to evpiess my sincerest thanks to the 
men whose names are here appended, for their careful, valuable and enthusiastic 
assistance Without then aid such an undertaking as this would have been impos- 
sible 

De E S Dickey, 

De 0 B McA?oy, 

Db C Obbik, 

De C L Palmee, 

De Fbakk D Stoezexbach, 

De H G Weetheimee, 

Db a W Woodbubk 


4502 Fifth Avenue 



PROTEIN METABOLISM IN PNEUMONIA 

CHARLES G L WOLF, ]M D 

A^D 

.‘ALEXANDER LAIMBERT, MD 

NEW "iORK 

It might he assumed in a disease of such common occurience and 
such fundamental importance in medicine as pneumonia that a very com- 
plete account of the protein metabolism would he available, especially in 
view of the fact that the conditions of the disease are such as to put at 
the disposal of the observer a sudden change in the condition of the 
patient from a condition of high temperature, great dyspnea and rapid 
lieait action, to a normal state, which scarcely has a parallel among other 
diseases Incident to this, one has also a rapid change m the anatomical 
condition of a vital organ, the lung, in which as Muller, and his pupil, 
Simon,’- showed, large quantities of soluble and partially digested protem 
products are thrown into the circulation and are catabolmed 

OBSEm UlONS OF EARLY JFVESTIGATORS 

In examining the literature beaiing on the metabolism of the disease, 
one IS struck with the relatively small amount of accurate mformation 
In some instances determmations of the daily output of nitrogen have 
been made, many without reference to the nitrogen of the food In most 
other instances investigatois have contented themselves with an exami- 
nation of a smgle component of the urme, such as uric acid, chloiid^, 
xanthin bases, etc As a matter of fact, the work which was done foity 
years ago by Huppert and RieseR" is more instructive and gives a clearei 
picture of the effect of the infective process on the elimmation of nitro- 
gen than any of the late investigations Even befoie their time also there 
were observations which showed the excessive amount of nitrogen elimi- 
nated 

TOTAL OTTKOGEN 

Paikes, in his excellent book on ‘‘The Composition of the Uiine 
(London, 1860), gives the amount of urea found by a numbei of observ- 
ers, and adds the report of a case exammed by himself m winch 85 38 gm 

* From tlie Department of Chemistry, Cornell University Medical College, and 
the Fourth Medical Division, Bellevue Hospital 

1 Deutsch Arch f klin Med , 1901, Ixx 604 

2 Huppert and Eiesell Arch d Heilkunde, vii, 10, 1869, x, 329 
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of iiiea -neie eliminated in a single da}' Tins amount of nrea would be 
equivalent to 40 7 gm of nitrogen As Parkes states that the patient 
was m a condition of fasting, this amount of nitrogen would be equal to 
1 200 gm of muscle or other tissue of a similar composition furnished by 
the body to carry on the metabolism during the period of hyperpyrexia 
That the mfective process was greatly concerned m this elimination of 
nitrogen will readily be seen when it is noted that 40 gm of nitrogen is 
piobably three times as much as a fasting subject would exciete under 
normal conditions of health 

Huppert and Eiesell’s observations were carried on with the elder VoiPs 
mvestigations in mind blot only was the nitrogen of the urme estimated, 
but also the nitrogen contained m the food, the sputum and the feces In 
this way an accurate balance could be struck The amount of nitrogen in 
the food durmg the period of hj'perpyiexia and the resorption of the exu- 
date was meonsideiable The mmus balance from day to day varied from 
lo to 25 gm , the highest negative value bemg found on the day of begin- 
ning resorption The following daj s, in which the patient took 4 gm of 
nitrogen, there was still a marked daily deficit It was only on the sixth 
dai after resorption had begun that the loss m nitrogen suddenly 
decreased, comcidentl}^, howeier, with the administration of food con- 
taining 16 7 gm of nitrogen A retention of nitrogen was arrived at on 
the twelfth day with 25 gm of nitrogen intake Huppert and Eiesell 
conclude that m conditions such as pneumonia the patient burns the 
cellular protein in contradistmction to the nutritive protein, which the 
healthy mdividual uses for catabolism Tn this they approach very closely 
the idea of toxic destruction of protein so much debated by late writers 

In recent years the work of j^Ioiaczeuski^ on the metabolism in pneu- 
monia appears to be more complete than that of an}'- other observer. His 
studies of the protein metabolism in fever weie directed to show that the 
tissues imbibed water during the course of hyperpyrexia and that this 
imbibition of water determined the increased protem decomposition He 
attempted to ascertain if by ‘"‘'saltmg out’"’ the blood it might be possible to 
inhibit mci eased destruction of protem Moraczewski was one of the 
fiist to make an attempt to fractionate the components of the nitrosen 
elimmation Unfortunately, a close exammation of the anahtical results 
which this investigator furmshes does not lead one to place great weight 
on his work His theoretical conclusions and his methods of experimenta- 
tion (the admimstiation of silver nitrate to reduce chlorid content of the 

3 :Moracze-wski Ztsehr f klin ^led 1900, xxix, 44, Virchow’s Arch f 
path Anat , civ 11 



PEOTEIN METABOLISM IN PNEUMONIA 

blood) have been sub 3 ect to what appeals to be just criticism bj^ Magnus- 
Lev}' 

Yon Jaksch"* has also made a comparative study of pneumonia and 
tjplioid fever He finds a notable diffeience in the manner in ■which the 
nitiogen compounds of the urine are eliminated m the two diseases 

According to this observer, pneumonia is classed "viath those diseases 
in vliicli the nitrogen partition is normal, none of the nitrogen "which is 
noimally evcieted as uiea being used for the formation of other com- 
pounds On the other hand, the catabolism in typhoid fevei, according to 
von ijaksch, takes a distinctly abnormal couise and instead of urea being 
eliminated in its noimal ratio to total nitiogen the substance is replaced 
by othei compounds — leucin. tjuosin and unlcno'wn substances TJnfor- 
tunatclj^ heie also the methods emplojed for the analyses have been open 
to ciiticism, and von Jaksch has subsequently been foiced to retract many 
of the statements which he pieviously made regarding the metabolism in 
these conditions To what extent von Jaksch^s statements regarding 
typhoid aie coiroboiated may be seen fiom the voik -which has been done 
by Ewing and one of us'^ in a lecent papei 


TOTAL SULPHUR 


The total sulphur is taken up at this place before the distribution of 
the nitrogen is discussed, for the leason that the total sulphur in con- 
junction with the total nitrogen might give data legaiding the type of 
protein metabolized at different stages of the disease 

As sulphur occurs in all protem with few exceptions, and as the sul- 
phur content varies between 0 3 and 2 2 per cent , and the nitrogen con- 
tent of protein varies between 15 and 17 per cent , there is a margin in 
the relation of sulphur to 100 parts of nitrogen of 1 7 to 14 6 per cent 
The relation of sulphui to nitrogen in normal uiine is, however, a 
comparatively fixed value, being in the neighborhood of 7 per cent With 
the ingestion of protein of varjung sulphur content the organism appai- 
ently adapts the catabolism of the two compounds in such a way that the 
two are excreted in a fairly fixed ratio It might be permissible to assume 
however, in pathological conditions, especially those associated with the 
breaking down of large quantities of body protein, that the ratio of nitro- 
gen to sulphur in the urine might be disturbed, and so one might obtain 
information regarding the catabolism of some special type of protein 


4 Von Jaksch Ztsclir f kim Med, 1902, xlvii, 1, 1903, L, 167 

5 Ewing, J, and Wolf, C G L The Clinical Significance of the Urinary 
Nitrogen HI Nitrogenous Metabolism in Typhoid Fever The Aechiv.s ust 
Med , 1909, iv, 331 
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In experiments whicli one of ns has made, it would appear that those 
compounds contammg a relativel}^ high amount of sulphur are of more 
importance to the organism than those contaimng less Consequently, 
one might expect that during a time of toxemia when the factors of con- 
trol u ere removed a high ratio of sulphur to nitrogen would ohtam, while 
in the stage of convalescence this would be compensated for by a low 
sulphur-nitrogen ratio To what extent this is the case will be seen 
throughout the discussion of the tables 

In some conditions of experimental toxemia, notably in delayed 
chloroform poisoning, the ratio certamly increases (Howland and Rich- 
ards ) ° 

THE HITROGEH PARTITION 

Ammoma 

With legard to one constituent of the urine accurate mformation is 
vei} much to be desired This is ammonia In view of the important 
lole which this product of mtermediary metabolism plays in modem 
theories of acidosis and protem breakdown, it is remarkable that no par- 
ticular attention has been paid to it in connection with a disease m which 
the excessive destruction of protein is so well recognized 

Hallervorden,"^ in an examination of the ammonia output m patho- 
logical conditions, interpolates the reports of two cases of pneumonia, in 
one of which, however, the ammonia excretion was examined for two dajs 
only In this case the ammoma excretion was lower on the day of higher 
fever In the second case (Tiss) the ammonia rose during the first part 
of the lysis, and thereafter followed fairly closely the trend of the tem- 
peiature curve Hallervorden believes that the increased elimination 
observed in fever is associated with a retention of fixed bases — ^potassium 
and sodium — and that the ammonia is used by the organism m an attempt 
to protect itself from the loss of these substances In accordance with the 
tune at which Hallervorden per formed his experiments, the Schlosmg 
method was used for the estimation of ammonia Trom the accounts he 
gives, it IS quite clear that he had great difficully^ in assuring himself of 
the accuiacy of the method In the course of the present investigations 
V e have had to discard repeatedly specimens of urme on account of com- 
mencing decomposition, so that in the work of Hallervorden, and, indeed, 
through all the voik in which the Schlosmg method has been used, it is 
quite possible that variations are due to decomposition occurring during 
the estimation 

G ^o^^l!md and Riclmds Joni Evpei Med , 1909 m 344 
7 Haller\orden Arch f e\pcr Path u Pliarmakol 1S80, xn, 237 



410 


PEOTEIK METABOLim IN PNEUMONIA 


Due Acid ' 

T]ic miirnatc iclation b6tA\Geii the iGucocjtcs and tliG pioccss of igso- 
hition has dla^^n attGiition to tliG pmin compounds 

"With iGgaid to niic acid. Yogas® and FiiGdiichsan,® woiking in von 
jSTooidGids clinic obtained noiinal i allies loi uiic acid Dunin and 
Nouacck,” in an attempt to connect Hoibaczeu ski’s tbeoi}' legaidmg the 
connection of the leucocytes ivith the xantbin base excretion, found an 
incicasc in uiic acid aftei the ciisis, and this inciease, they belieie, Mas 
due to the biealcing douii of nuclein componiids duiing lesolution The 
inciease peisisted loi tuo to foui dais, and uas followed by a similar 
peiiod of lessened output Only on the seventh day aftei the ciisis did 
the uiic-aeid c^clctlon aiiive at what the} consideied a noimal value 
Simon,^ in his inteiesting stud} of the autolysis of pneumonia lungs, 
made undei Mullei s diicetion, found fiee alloxuiic bases in the auto- 
lysate One of the most lecent investigations in this field is that of 
Cailyle Pope,^° ulio has compaied the ]eucoc3tosis occuiiing in vaiious 
conditions with the elimination of uiic acid and xanthm compounds 
One case of typhoid and five of pneumonia wcie studied In the hypoleu- 
cocytosis of typhoid he finds aveiage amounts of uric acid and somewhat 
gieatei amounts of xanthm bases In all cases of pneumonia there vas, 
at ceitain times, an inciease in the xanthm base elimination Theie vas 
not a tiue paiallel between the hypeileueocytosis and the incieased elimi- 
nation of xanthm compounds The inciease took place aftei the disap- 
peaiance of the h}peileucocytosis and simultaneously uith the lesolution 
of the pneumonic exudate 

Creaiimn 

Oui infoimation legaiding the influence of pathological conditions on 
the output of creatmin is veiy scanty Since the advent of the Polin 
method, most investigators have veiy piopeily confined themselves to the 
effect of physiological changes on the excietion of the substance A fev", 
Shaffer,^^ Leathes,^^ and Spriggs,^’ have investigated some of the moie 
important diseases, more especially those connected with disturbances of 
muscle function 

8 In von Nooi den’s Handbucli dei Pathologie des Stoffweclisels, 1893, p ^78 

9 NoA^acek Gaz Lek , 1896, pp 476 517 Cited in Maly Jahiesbeiichte, 
1896, xvvi, 769 

10 Pope, C Zentialbl f inn Med, 1899, xx, 657 

11 Shaffer Am Jour Physiol, 1908, vxn, 445 

12 Leathes Jour Physiol , 1907, 205 

13 Spriggs Biocheni Jour , 1907, n, 206 
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In liigh tempeiatmes, Leathes found that the hyperpyrexia pioduced 
in a normal siib 3 ect by the nse of an antit 3 p]ioid vaccine caused a rise in 
the excietion of creatinin In cases associated with loss of muscular tonus 
the excretion of creatinin is low relatively to the body weight In Shaf- 
fer’s results there is a record of a convalescing typhoid patient in whom 
the creatinin output was distinctly low This will be found to agree 
with the condition in convalescence from pneumonia After a period of 
excessive creatinin excretion the values suddenly fell to what must be 
considered decidedly subnormal Case 20 of Shaffer’s series shows that 
the creatinin coefiScient is very high (10) on the twelfth day of the dis- 
ease, and falls on the forty-third day to 7 7 A more striking tall in con- 
valescence IS presented by Case 12 

Oui own results confiim these findings, except that the transition is 
much more abrupt (see Case 12, H C ) 

Oi eaim 

The information regarding creatin is much less complete than that of 
cieatmm AVe Imow but few facts which shed light on its pathological 
significance Of these the first is its absence from normal mines of sub- 
jects on cieatin-free diets, and, second, its appearance in the urine of ani- 
mals exposed to starvation or under -nutrition It is also found in acute 
fevers (Ewing and Wolf), in exophthalmic goiter (Shaffer) and in 
women during post-partum resolution of the uterus (Shaffer) 

The significance of these findings is obscure, but one may safely say 
that at the present time its appearance m the urine denotes either a con- 
dition of partial starvation or a pathological state 

Rest Nttiogen 

The question of rest nitrogen is perhaps more complex than any of the 
previous components, by reason of the number of substances which enter 
into its composition In the rest nitrogen in pneumonia are included two 
classes of compounds which hare been closely associated with the disease 
One of these is the xanthin bases which could not be determined sepa- 
rately except in a few cases, and whose amount is supposed to be decidedly 
increased m fevers (Mandel and Lusk) 

The other group of compounds consists of the albumoses, oi, as the} 
are more frequent!} called m this connection, the peptones Maixner^^ 
found them in pneumonia, mostly during the stage of resolution Maix- 
ner sa}s that he has seen 4 gm of these substances in the twenty-four- 

14 iMandel and Lnsk Am Jour Physiol , 1906, xn, 129 

15 Maixner Ztschr f klin Jled , 1886, xi, 342 
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holu amount of mine In some of om cases the extreme amounts of 
undeteimined nitiogen led us to examine for albumoses by the method of 
Devoto 

Tlie composition of the undeteimined nitiogen has been discussed by 
one of us with Ewing’” in some detail in papeis on the clinical significance 
of the uiinary nitiogen, and it is unnecessary to repeat the pomts of the 
discussion heie, except to point out that in noimal subjects the amount 
of lest nitiogen does not increase in diieet proportion to the total nitro- 
gen, <=o that when one finds an increase one is led to suspect a faulty con- 
dition of metabolism, in that the steps leading to the ultimate formation 
of uiea aie not piopeily followed This aberiance has been called defec- 
tive desamidation It will be noted that von Jaksch had this idea in 
mind when he difleientiated t3'phoid fe\ei fiom pneumonia, regaiding 
the foimer as a disease in which defectne splitting ofi of ammonia fiom 
the piotein gioup played an especial part In pneumonia this did not 
occui 

As will be seen, howevei, amounts of lest nitiogen are obtained in 
pneumonia which aie unequalled in t5'phoid fever, so that the statement 
of von Jaksch does not altogether hold It is true, however, that higher 
lelative values foi lest nitrogen aie found in typhoid than in pneumo- 
nia, hut only m daily excietions of nitiogen which aie low' when com- 
paied with pneumonia 

The Sulphw PaiUtion 

The reason foi an almost complete lack of accuiate data legarding 
sulphui excretions in pathological conditions arises fiom the diflBculty of 
the analyses for the clinical investigator While it is unlikely that the 
exammation of the sulphui partition will give information regarding the 
oxidative capacity of the organisms as a whole, a study of the sulphates, 
alkalme and ethereal, will throw light on the processes, putrefactive oi 
otherwise, leading to the formation of etheieal sulphates and at the same 
time give us some knowledge of the obscure class of compounds making 
up the neutral sulphur 

As the neutral sulphur compounds must of necessity be included in 
the rest nitrogen, some conclusions may be drawm regarding the lattei as 
to its content in sulphur-containing substances 

Nxii ogm Loss 

Before one can take up the investigation of the individual compo- 
nents of the mine in a disease like pneumonia it is necessaiy o inq 

16 Ewing and Wolf The Clinical Significance of the Urinaiy Nitrogen Am 
Jour Med Sc, 1906, c's.'s.'s-i, 751 
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^Yllat the eSect of the individual faetois entering into the condition is on 
the nitrogen metabolism as a whole 

The most obvious of these are high temperature, dyspnea, and infec- 
tion, and, as a special factor in pneumoma, the resolution of the pneu- 
monic exudate 

With regard to high temperatuie, most of the estimations of the 
nitrogen excretion in connection with hyperthermia have been made on 
cases undei the influence of infection, and from these it is difficult to 
ascertain whether the increase is due to the rise in temperature by itself, 
or whethei the so-called toxic destiuction of protein is to be held account- 
able Reasoning from purely chemical grounds, it would appear improb- 
able that with a use in tempeiatuie increased nitrogenous decomposition 
should not take place We know that the velocit}’^ of chemical reactions 
inci eases with inciements of temperatuie, and it would be necessar}", if 
the opposite should be found to be the case m pathological conditions, to 
assume a physiological mhibitoiy factor interposed, of which, at the 
present time, there is no evidence The one expeiiment in man bearing 
on the relation of temperatuie to nitrogen output is that of Lmser and 
Schmid,^" who experimented with a patient suffering from ichthyosis 
hystiix They showed that, on laising the body temperature to 39 C 
(102 1-102 8 F ), which they were able to do by enclosing the patient m 
a loom aitificially heated, no increase in nitrogen output took place If, 
howevei, the temperature of the room were further raised so that the 
bod} tempeiature reached 40 (104 E ) a decided increase in protein 
metabolism did take place From this they mferred, and probably rightly, 
that they had demonstrated the effect of temperature alone in increasing 
the nitrogen metabolism An examination of tbe increase which Lmsei 
and Schmid obtained shows that it is incomparably lower than what is 
obtained in infectious fevers 

In animals Voit’® has shown that if the suriounding temperature of 
fasting animals be laised the nitrogen output is inci eased On the other 
hand, if the animals be protected by the sufficient administration of car- 
bolndiates and fat no comparable inciease in the nitiogen metabolism 
takes place It is probable that calorimetiic investigation of these ani- 
mals in superheated calorimetric chambeis would disclose an increased 
metabolism fallmg m this mstance, hovever, on the caibohjdrate and 
fat lathei than on the piotein, as in the staiving animals As the 
patients vhom we examined veie in most cases protected b} an amount 

17 Linger and Schmid Arch f klin Med, 1904 Ixxix, 514 

IS Voit Sitzungsher d Gesellsch f Morphol u Pin siol ilunchen , Ko 2 
1S95 
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of food siilBcient to give almost nitrogen equilibrium in a normal person, 
the excess output may be set down to factois other than simple h}per- 
theimia alone 

The next factoi in the increased nitrogen elimination m these cases 
IS the dyspnea In this field the investigations of Yoit take the first 
place In most instances Voifs experiments were earned out on animals 
in which dyspnea uas pioduced b}' the mechanical occlusion of the 
tiachea The lesults ueie unifoim in showing an increased elimination 
of nitiogen thiough the uime as a consequence of limdrance to the gase- 
ous exchange Voit, however, believes that the increased nitrogen excre- 
tion IS not piimaiily due to lack of ox}^gen, but has its origin in the 
inci eased niuseulai efloit of the animal 

Von I^ooiden“ lepoits a case of syphilitic stenosis of the laijmx 
The amount of nitiogcn excieted duimg the peiiod of fasting was quite 
uitliin the noimal limits 

There remains to be consideied the effect of infection on the excretion 
of nitrogen, and m this field much uoik has been done both on man and 
on animals 

It IS piactically impossible to separate the factois of infections fxom 
fever, and iherefoie the mvestigatois who have worked on the effects of 
infection have alwajs considered them together While it is impossible to 
produce in animals a fever of the long-contmued type seen m man, the 
experiments which have been made m animals aie instinctive in shoving 
to Avhat extent the piotein metabolism may be laised by the combined 
processes of fever and infection 

Ma}'-® was able to increase the nitiogen elimination in fasting rabbits 
51 9 per cent above the noimal bj’’ infectmg these animals with liog- 
cliolera Stalielin®^ infected dogs with suiia and produced a veiy marked 
negative nitiogen balance In dogs in nitiogenous equilibiium. on about 
5 5 gm of nitiogen, the deficit was 2 5 gm in a single day, all of which 
was excreted in the mine This, it will be seen, is veiy close to May s 
50 per cent increase in rabbits after hog-cholera infection The knovl- 
edge of the effect of fever and infection in man on the excretion of nitro- 
gen is not complete, for it is impossible to determine accurately the state 
of nutrition of the individual before the infection process began, and one 
IS forced to use as a standard for compaiison either results obtained m 
noimal individuals or the metabolism of the same patient duiing the 

19 Von Nooiden Handbuch dei Pathologic des Stoffwechsels, i 

20 May Ztschr f Biol , 1894 xxx, 1 

21 Stahelm Arch f Hyg, 1904, L, 77 
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peiiod of convalescence That these aie not altogether tiustworthj^ "was 
recognized hy Huppert many years ago 

A few experiments have been recorded by Leathes^- on the nitrogen 
excretion in aseptic fevers produced by the injection of typhoid vaccine 
The fever was neither continuous or excessive , nevertheless a distinct rise 
in the nitrogen metabolism was observed Leathes’ experiments have 
been confirmed by Kraus As Kiaus remarks/^ it is necessary to be 
extremely careful in any estimate of the nitrogen output in these cases^ 
especially when they are connected with fasting, for the excretions on the 
thud day of a normal fasting subject may varj from 8 to 15 gm 

The problem therefore m the following discussion of the total nitro- 
gen excretion in pneumonia is to ascertain whether the nitrogen elimi- 
nated IS to be accounted for by the dyspnea and the high temperature, or 
whether the amount excreted in the twenty-four hours exceeds what may 
be set down to the two non-mfective factors 

If one adds to the high starvation value, viz , 15 gm , that which has 
been set down to rise m temperature, one still finds in these cases a very 
considerable amount of nitrogen which must be set down to the infection 
process alone It wiU be observed that in practically all these cases (the 
exceptions are noted at the proper place) the patients were receiving 
amounts of nitrogen and units of heat almost sufficient to keep a normal 
individual in a condition of nitrogen equilibrium 

EXPERIMENTAL 

The analytical methods employed m this work were those which have 
been employed by one of us through a senes of investigations in normal 
and pathological metabolism They were total nitrogen, Kjeldahl, 
ammonia Folin, urea, Folin, uric acid, Folm-Shaffer , creatmin and 
creatin, Folin, total sulphur, Folm, total and alkaline sulphates, Folin, 
chlorids, Volhard, phosphoric acid, uranium acetate 

The urmes were preserved with chloroform-thymol-toluol, and were 
analyzed for ammonia and creatmin as soon as possible after collection 
In some instances decomposition had apparently set in during the time 
they were collected Wlien this is suspected, it is noted in the tables 
In dividing the cases exammed, we have decided to separate arbi- 
tiaril} the fatal cases from those which terminated m recovery In some 
lespects a classification of this sort may appear unsatisfactory, but it has 
the advantage that one is able to correlate the results obtained by a 
chemical stud} with the factors which led to a fatal termination More- 
ovei, in the non-fatal cases we are able to follow the patient through his 

22 In Von Xoorden’s Handbuch der Pathologic des StolTwechsels, 1906, i, 594 
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lecovei}. and fiom an examination of his metabolism to attempt to make 
tins a pait of the basis foi elinieal piognosis 

In all, 19 eases of pneumonia iveie examined dining longei oi shoitei 
peiiods Only 14 aie lepoited on, the otheis do not thiow any furtliei 
liglit on the condition 

Oni oiigmal intention ivas to study the effect of diets containing little 
01 no pi olein but a fan!} laige supply of heat in the loiin of caibo- 
hvdiate and fat, and to compaie this diet uith one containing an amount 
oi piotein lepiesenting about 16 gm of nitiogen Oui leason foi doing 
tins Mas based on a consideiation of Jlcnedict and Suianyi’s-^ results, in 
which it was a'^seited that it was useless to admimstei large quantities of 
piotein dining the nitiogen loss in fevei, as tlie inciease in catabolism 
look place pan passn wnth the nitiogen intake 

Two cases aie lepoited on this non-nitiogenous diet, but it was aban- 
doned on account oi the difficult} in inducing the patients to take it 
Fiiiall} a 'Jtandaid diet was designed wnth a fan amount of piotein, but 
which was nnfortunatel} not veiy high in heat units 
It w'as as follows 



Amount 

Xilrogen 

I'lt 

Carboh\ clrntc 

Calorics 

Milk 

1080 

5G 

43 0 

o4 0 

765 

Crackei s 

40 

07 

3 G 

29 2 

158 

Boiled lice 

120 

03 

0 1 

29 0 

135 

Toast 

GO 

1 1 

OG 

30 0 

lob 

Cl earn 

00 


13 5 

24 

143 

Sugai 

90 



90 0 

360 

lotal 


7 7 

G9 8 

240 G 

1719 


It wnuld have been advantageous to have increased the nitiogen about 
5 gm and to have given a gieat deal moie carbohydrate and fat At the 
time the w'oik was done by Shaflei had not obtained his veiy irapoitant 
results on diet in fever, and tlieiefoie w^e aie obliged to piesent these 
cases w'lth, in some instances, a nitiogen loss wdnch w^e feel could have 
been paitly avoided with a piopei diet 

In some instances eggs weie given during convalescence in accoi dance 
with the theories of Suran}i and Benedict-® This is stated in the notes 
to the tables 

In taking up the individual cases, we shall discuss the findings in the 
first case in considerable detail wutli the intention of using tins case as a 
standard foi future comparison The otheis wall to some extent be 
lefeired to the iiist one in pointing out the diifeiences wdiicli oceui In 
tins way a repetition of the findings wall be avoided 

Ztschr f klin Med, 1903, ■s.Imii, 290 


23 Benedict and Suianyi 
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MILD GA.SES 

Case 1 — The patient, Z , male, aged 34, alcoholic, had a small area of pneu- 
monia in right upper lobe He was admitted on the eighth day of the disease, 
with mild attack, geneial condition excellent He was slightly irrational on the 
night of admission On the 19th his general condition still excellent, though he 
began to be deliiious Hefei vescence began and was completed on morning of 
20th During the 20th, 21st and 22d the patient had an abortive attack of 
delirium tremens, but his general condition and his pulmonaiy lesion impioved 
steadily On the 23d he Avas comfoi table and lational, and from then on to the 
29th there was uninten upted convalescence 

The patient received the higher nitrogen diet, containing 12 1 gm of 
nitrogen and 1,971 calories The nrine was first examined on the day of 
the crisis — the seventh day of the disease On the eighth day the tem- 
perature fell to normal The highest temperature recorded was 104 4, 
on the day before the examination commenced The leucocyte count on 
the sei'enth day was 14,000 

Total Nitiogen — On the seventh day the total nitrogen excreted was 
25 5 gm , and on the eleventh day of the disease, on which a slight post- 
ciitical use occuired, the total nitiogen excietion lose to ‘30 gm On 
the following two days the excretion was each day half that of the day 
precedmg, giving for the last day of the examination 7 1 gm It is to he 
noted that with the very high excietion of the eleventh day the patient 
was physicall} comfoi table, and was veil into an uneventful convales- 
cence 

Amid Nitiogen — The percentage of total nitrogen excreted as uiea 
and ammonia is low on the first day of the examination, but rises with 
defervescence The highest latio is obtained duiing the days of marked 
fall in temperature This case would illustrate admirably von Jakscli’s 
statement that pneumonia is a disease in ivliich the catabolism of nitro- 
gen pioceeds m the same way as in the normal subject The ratios of 
uiea and nitiogen aie almost as high as one obseives in normal subjects 
That this, however, is not so vith the moie toxic cases ivill be shovn 
latei 

Ammonia Nitiogen — A careful examination, not only of this case 
but of those which follov, leads one to believe that a comparative acido- 
sis occurs Taking normal indniduals with an excretion of 15 gm of 
nitrogen, the average amount of ammonia nitrogen excieted is about 0 5 
gm , and the latio of ammonia nitrogen to total nitrogen is 3 3 pei cent 
As will be seen, the amount of ammonia excreted durmg peiiods of 
pyrexia in pneumonia is distmctlj higher than this, over 1 gm of ammo- 
nia nitrogen being excieted The ratio is also high — 6 7-4 7 per cent of 
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total nitrogen Both absolutely and relatively the ammonia nitrogen 
decreases dm mg convalescence 

Ui ea Nih ogen — Compared with what one observes in typhoid fever, 
the ratio of uiea nitrogen to total nitiogen is high Compared with nor- 
mal subjects, it IS low The diffeience in favor of normal urines is small, 
averaging perhaps 3 to 4 pei cent 

Cieatimn — Owing to the large amount of attention which lias lately 
been directed to the output of cieatmm in phj^siological conditions, con- 
tributions from the pathological side are at present of considerable inter- 
est Tt IS scaicely worth while at this point to review the literature on 
this subject, except to say it has been found that the dail}' output of 
cieatinin is piactically constant with great changes of diet It is there- 

TABLE 1 — PROTEIN METABC 
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* In this and the following tables, an acid reaction is Indicated by a dagger (t)i and an alkaline reaction u 

fore assumed that the creatmin output represents a type of metabolism 
uninfluenced by the protein intake It has also been found that in 
patients suffering from certain diseases associated with general loss of 
muscular tone the ratio of the creatmin excreted to the body weight is 
decreased, while, conversely, in those conditions in which it is supposed 
that the metabolism is proceeding at a higher level than normal the 
creatmin coefiicient is increased In starvation, both in men and m ani- 
mals, it IS Imown that the creatmin output is lowei, corresponding with 
the attempt of the organism to adapt its metabolism to the lessened food 
intake 

In a condition of very great metabolic activitj'^, such as the lij'per- 
pyrexia of ammonia, with the loss of 20 or more grams of protein nitro- 
gen on a diet capable of maintaining a noimal individual in a state of 
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nitrogen eqmlibrmni, it might he expected that dnrmg this period the 
endogenous metabolism would be increased, perhaps not pai i passu with 
the total increase, but at least sufficiently to make its influence felt on the 
ereatinin output One would then hare the latio of creatimn nitrogen to 
total nitrogen decieasmg with the rise m total nitrogen output, but the 
absolute amount of creatimn excreted would be increased In the major- 
ity of cases this happens During this hyperpyrexia the creatimn oux- 
put IS high as compared with normal individuals In some instances the 
highest output is recorded during the stage of resolution It would appear 
that at this time not all of the creatimn is derived from endogenous 
metabolic processes In pneumonia one has an autolytic process occur- 
iing in the lung winch may apparently give rise to the excretion of 

PNEUMONIA 
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ineeased amounts of cieatinm through the mine Durmg convalescence 
the cieatimn output is markedly decreased ITot only is the amount 
dunmished, but a comparison with the normal amount-excreted- will show 
that it is from one-half to one-third lower than that which is considered 
normal for a peison of average weight Unfortunately, throughout this 
entire series it was impossible to take the weights of these patients, so 
that the cieatmin coefficient (the ratio of creatimn to body weight) can- 
not be given It is, however, certain that in comparison with the results 
•yielded by normal subjects the creatmm is much higher durmg hyper- 
pyrexia and falls durmg convalescence to very low values 

It can scarcely be doubted that after a period of great prodigality of 
its resources such as occurs in seiere toxic conditions associated with 
high temperature, the organism seeks to conserve its remaining store of 
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Giieig)' to the limit of its capacit}' Undei these ciiciimstances^ not only 
IS the exogenous metabolism used in such a uay that tissue lepaii takes 
place uith gieat rapidit}, as is shown by the remarkable increase in 
weight which patients often show during convalescence, but the endogen- 
ous metabolism, with which we assume cieatmin to be associated, is 
1 educed as fai as possible ^Ye should, theiefoie, expect with the onset 
of convalescence a maiked leduction in the eieatinin output to oecui, a 
deduction ■nliicli is home out by the facts 

Cieahn — Quite as much, if not moie inteiest fiom the standpoint 
of iiathological metabolism is attached to the presence of cieatin in the 
mine Phvsiologicall}', only one condition is known where it appeals 
This is staivation On the withdiawal of food, and indeed eien in mal- 
nutiition, cieatin mai appeal in the mine This has been shown by 
Benedict and DietTendoifl and b} Cathcait in man, and by one of us in 
animals To what its appeal anee is due it is impossible to say It is 
supposed to aiisc fiom the breaking down of muscle whose protein is 
being catabolized On the othei hand, one would scaicely expect it to 
appear in conditions in which the body u as eager to utilize all the avail- 
able nitiogen-containing compounds possible, foi Folin, Kleiekei and 
Shaffei, with one of us, have shoun that cieatin given by mouth on a diet 
containing little oi no protem is utilized as a foodstuff, and not all the 
mtiogen appears in the mine, but pait is stored up in the body Hence 
its appearance in the uime in staivation and in these pathological condi- 
tions IS not connected with staivation alone, foi the creatin must be 
foimed at a point wlien tlie piocesses which transform ingested cieatin 
into tissue nitrogen aie unable to attack it Hence it escapes and is 
excieted in the mine That it is connected vuth certain unknown patho- 
logical processes seems certain One finds during the stage of hj^per- 
pyiexia that the cieatin output is high, despite the fact that the patients 
are leceiving a diet which under noimal conditions, both in heat units and 
nitiogen content, is ampl'j sufficient to piotect the urine from the appear- 
ance of cieatin Moreover, duiing convalescence the urine of a patient on 
the same diet will be perfectly free from cieatin It will be noted that 
the mine of the patient under discussion, whose case was clmicall}’' one of 
a mild type, contamed no cieatin, except on a single day in vliich there 
was a slight postcritieal use in temperature 

TJiic Acid — Compared with the lesults obtained from noimal siib- 
]ects, the uric acid output throughout this case is high Folin,'* in his 
averages of 30 normal urines, gives the highest output for uiic acid nitro- 

24 Folin Analysis of Tliiity Noimal Urines Amei Join Pliysiol , 190o, 
xiii, 62 
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gen as 0 15, the lowest 0 08 gin , and the aveiage 0 12 gm Dining this 
time the patient was defervescmg, the nnc acid nitrogen varied from 
0 38 to 0 24, and on the day befoie the postciitical rise 0 56 gm of nnc 
acid nitrogen were eliminated Jfrom that tune on the uric acid excre- 
tions fell rapidly until on the 25th it was 0 08 gm , the lowest value 
recoided by Folm It will he noted that the highest output, 0 55 gm , 
occurred on the 23d This is foui days aftei the normal temperature had 
been reached lor the first time, hut also on a day on which an excessive 
nitrogen excretion was obtained On this day, therefore, it would appear 
that the autolytic products, resulting from resolution of the lung and con- 
taining much nuclein derivatives, were thrown into the circulation and 
incompletely catabolized 

Rest Nitiogen — One of us in several papers already published has 
indicated that rest nitrogen plays an important part in the scheme of 
anahsis here followed In certain disease, notably typhoid fever, and the 
toxemias of pregnancy, it has been found in the severer stages of the 
condition that the relative and absolute amounts of the rest nitrogen 
fractions ai e increased This we have been disposed to set down to defec- 
tive processes of desamidation It is, therefore, interesting to compare 
the piesent senes of examinations in pneumonia with typhoid fevei, as 
the two have the common factors of high tempeiature, loss of nitrogen 
and of body weight One finds in the severe cases of pneumonia extremel} 
high absolute amounts of undetermined nitrogen, but the relation of rest 
nitrogen to total nitrogen urea never reached the high value one observes 
m typhoid fever and eclampsia 

The maximum figure for normal sub]ects which Folin gives is 0 85 
gm and the lowest 0 41 gm , as against, in the mild cases, 1 93 gm On 
the other hand, while the ratio for undetermined nitrogen varied in the 
normal urine of Folin from 2 7 pei cent to 5 3 per cent , the values in this 
case are not a great deal liighei On the first day of the examination, it 
IS tiue, 8 9 pel cent of the total nitrogen was excreted in this form, on 
the following davs the ratio was 2 1 to 7 8 pei cent 

One may sa}, therefore, that, while a laige amount of undetermined 
nitiogen is eliminated, even in the milder cases of pneumonia, the ratio of 
this fraction of the nitrogen rises but little, if at all It is, howevei, sig- 
nificant that when the stage of apjiexia and convalescence has set in, the 
absolute amounts of iindeteimmed mtiogen aie entirely within the limits 
of vhat is found foi normal subjects It has been observed on numerous 
occasions that during the resolution of the lung albumose-like substances 
hare been excreted in the urine, due, as it is thought, to the entrance 
into the circulation of the products of the autolysis of the lungs These 
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■would naturally be found in the rest nitiogen fi action In some cases 
(Nos 1, 4, 5, 9 and 13) we have tested for the presence of albumoses by 
Devoto’s modification of Hofmeistei’s method We have never found such 
amounts of albumoses as would account for the veiy high amounts of 
lest nitiogen found in tins case and the followmg 

The Sulphw and Its PaiUUon — ^As we have alieady mentioned, the 
excietion of sulphur and its relation to nitrogen should afioid a valuable 
indication of the type of piotein catabolized It is well Icnown that the 
relation of sulphur to nitrogen in protein varies between veiy wide limits 
If at a definite time the type of nitrogen catabolized should change, one 
should have evidence of this change in the varying relation of sulphur to 
nitrogen in the urme 

If one recalculates the values obtained by Polin m his work on normal 
urme, one finds a remarkabl}'’ close agreement between his noimal, high, 
low and average ratios These are, respectively, 8 3, 8 2 and 8 2, and by 
dividing the lowest sulphm by the highest nitrogen, and the highest sul- 
phur by the lowest nitrogen, we obtain extreme values of 7 2 and 10 per 
cent In the case which we are at present discussing the ratios are undoubt- 
edly lower, varying between 7 4 and 5 1 per cent This does not always 
hold, as will be seen in other cases, but from a study of the tables an 
impression will be gained that at high temperatures the body seeks to 
retain those proteins containing the higher amount of sulphui, and, for 
this reason, the ratio of sulphur to nitrogen in the urine falls 

This phenomenon is also to be observed, to a ceitam extent, in starva- 
tion In this instance, when the body has obvious need of sparing its 
most valuable protein, and uses up the lesser type, the ratio also falls 

Sulphate Sulphur — One has been accustomed for many years to 
assign the formation of sulphates, particularly the alkaline sulphates, to 
much the same class of processes as those giving rise to urea, and both 
have been regarded as indications of the oxidative capacity of the organ- 
ism We Icnow that the urea-forming function is not in any sense an 
oxidation With the sulphur, hovever, one must admit that oxidation is 
the process taking place in transforming the cystin group of the protein 
molecule into sulphates This fact Zweifel has used, not with very great 
success, as a basis to prove a condition of suboxidation occuriing in 
eclampsia 

In the present case, no question of ^^suboxidation” can be raised, for 
the ratios of total sulphate sulphur to the total sulphur are high, excep- 
tionally so The minimum and maximum figures in Polin’s results were 
84 7 and 89 6 per cent Here we find ratios between 85 0 and 92 S per 
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cent It IS notable that the highest valne comes upon the day of highest 
nitiogen ontpnt, when 30 1 gm of nitrogen were excreted 

Ethereal Sulphate Sulphur — The values for ethereal do not call for 
any especial comment in this case In none of the cases examined are 
the amounts of ethereal sulphur excreted beyond those found in normal 
subjects In Folm's analyses, the absolute amounts of etheieal sulphur 
excreted varied between 0 076 and 0 100, the average being 0 088 The 
amounts excreted by this patient vere decidedly below this This is in 
spite of the fact that the urine showed marked reactions for indican 
One of us has previously shown in experimental work in animals that 
the excretion of ethereal sulphur bears no i elation to the test for mdican, 
and this is borne out m eases of pneumonia It is shown extremely well 
in this ease One finds a maiked test for indican on a day (24:th) on 
which the ethereal sulphur excretion was 0 05 gm , and a weak test on the 
21st, on which day 0 06 gm were excreted 

The Neuiial Sulphui — ^This fraction of the sulphur deserves especial 
consideration, for the reason that, apart from being concerned with proc- 
esses of endogenous metabolism, a comparison of the neutral sulphur 
w'llh the undetermined nitrogen should throw light on the composition of 
the latter In the gioup of compounds designated as rest nitrogen, there 
aie estimated the puiin compounds, excluding uric acid, the proteie acids 
of Bondzynski and his coworkers, the amino-aeids, indol and skatol com- 
pounds, etc The compounds which interest us here are the proteic acids 
which contam sulphur, and hence are common to the rest nitrogen and 
neutial sulphur groups Most of the albumoses also contain sulphur and 
aie hence m these two classes As has been mentioned, albumoses are 
found in the urine m pneumonia, particulaily during the stage of reso- 
lution, and Gawmski-“ has found that the proteic acids are found 
inciensed in certain pathological conditions 

A consideration of the i elation of neutral sulphur to undetermined 
mitiogen should enable us to determine whether at certain periods of the 
disease lelatively more sulphur-containing compounds of unknown char- 
actei are excieted 

In the case undei examination it will be seen that the ratios vary 
considerably Staiting with a latio of neutral sulphur x 100 to rest 
nitiogen of 13 2 on the daj of a beginning crisis, the ratio suddenly uses 
to 46 3 a phenomenon which ivould correspond inth Gaw^inski’s findings 
of mcreased oxyproteic acids Thereafter the ratio falls to the neighbor- 
hood of 10 per cent (89, 78, 90), and on the last day of the exami- 

25 G 1 ^^lnskl Ztsclir pbjsiol Chcm , 190S, hin, 462 See also Ginsberg 
Beitr 7 cbem Plnsiol u Path (Hofmeister s), 1907, 411 
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nation uses to 26 4 pei cent In some of the following cases much gi eater - 

differences will be found in the ratios between the neutial sulphui and 
undetermined nitrogen, and one case will fuinish an example of as much 
sulphur in neutial form being excreted as lest nitrogen 

Plwsphoius — In connection with the breaking down of nuclear com- 
pounds and their metabolism, the phosphorus ehmmation shows a maiked 
rise during the latter part of the ciisis Not only is the rise an absolute 
one, but the ratio to total nitrogen is increased ovei 300 per cent It 
would appear, from this case at least, that during the stage of hyper- 
pyrexia phosphoius IS retained by the body in much the same way as is 
the chlorin This agrees entirely with Gouraud^s statement In Gou- 
laud^s case the commencing increase in the chlorin excietion pieceded 
that of phosphorus by twenty-four hours 

TABUB 2 —PROTEIN r ' ' 
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Duiing the first peiiod of the examination of the pieseut case but j 

0 06 gm of chlorin weie excreted This was followed by a use to 0 22 | 

gm , while the excretion of phosphorus leinained constant, using on the 
succeeding day Gouiaiid was not able to make out a coincidence between ^ 

the excretion of chlorin and of phosphoius, noi, as will be seen from oui 
results have w e 

Case 2— The patient, T E S male, aged 23, nonalcoholic, nas admitted on 
the third of the disease (Januaiy 26) nith a mild attack of light loner o e 
pneumonia His geneial condition was excellent, he neiei gave the impiession 

of being ill Fehruaiy 2 the temperatuie began to fall, patient slept nell, ate ^ 

well, and nas comfortable, same on the 28th, ivith temperature two degiees loner i 

On the 29th temperatuie leached normal Comalescence from then on nas unin | 

terrupted t 

26 Gouraud Compt lend Soc biol. Pans, 1002, In, 373 
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The exammation of the metabolism of this patient was commenced 
diumg the ciisis The temperature of the patient was fallmg alreadi^ 
on the da} o£ admission 

This case differs from the preceding m that tlie in ci ease in nitrogen m 
Case 1 was not arrived at imtil the third day after the temper atm e was 
normal There is also to be noted the marked fall in nitrogen excretion 
at the end of the experiment, when the patient came into what was prac- 
tically nitrogenous equilibrium on a diet on ishieli but a few days before 
he had lost nearly 20 gm of nitrogen 

Cl cahimv and Gi eatm — ^In accordance u itli the clinical fiiidings of 
a not excessively toxic condition the creatmm elimination is not high 
but a not mconsiderable amount of cieatin is excreted, the results show- 
ing an almost constant daily quantity throughout the disease On the 

. 2, MILD PNEUMONIA 
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dai of highest nitrogen elimination, the creatmm was very high for this 
patient (0 52 gm ), fallmg on the subsequent da}s to the original excre- 
tion 0 31 gm As probably on this day a large amount of nitrogen, due 
to the resolution of the lung, was throun into the circulation, it is sug- 
gestne that a part of this cieatmm was derived fiom the pioducts of 
autoh ns 

It uill be noted that uiiile the cieatin output is high in the first part 
of the exammation, no mcrease takes place with increase in total nitio- 
gen and. followmg this, the substance all but disappears from tlie urine 

TJixc Aad — ^The uric-acid excretion m this case is somewhat anom- 
alous foi the amount excieted during the disease is, if ani-tlirnff below 
that found in normal subiects and no rise takes place m its excretion 
dm mg the period m uhich a very large amount of nitiogen is hem? 
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catabolized Dtmng tlie period fiom the 28th day to the 31st, the leuco- 
cyte count fell from 24,100 to 10,000 per cubic millimeter The remain- 
ing point in connection with this case is the close relation which exists 
between the neutral sulphur and the undetermined nitrogen No such 
variation takes place as was found in Case 1 The values in the present 
case lie between 15 per cent knd 20 per cent , while m the former case a 
variation occurs between 7 8 per cent and 46 3 per cent One may con- 
clude in this case that with regard to their sulphur content the substances 
which were being excreted as undetermined nitrogen were fairly constant 
in composition 

Case 3 — The patient, B , male, aged 45, three days before admission had pain 
in the right side with shortness of breath and very slight cough He did not have 

TABLE 3— PROTEIN METABOT 
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a chill, but sweated at night Examination showed over middle and right middle 
lobes anteriorly and laterally very loud pleuritic friction sounds, o\er light 
lower lobe posteriorly and laterally marked dulness, diminished fremitus and 
diminished distant breathing Diagnosis, pleurisy with effusion The patient 
was given the non-nitrogenous diet, consisting of malted starch, cream and sugai, 
and 6 gm of sodium chlorid 

This third case, which serves to a certam extent tor comparison vith 
the foregoing two, is one of tuberculous nature with continued high tem- 
perature As will be seen from the records, the temperature was seldom 
imder 103, and for a greater part of the time of the examination 104 
With this temperature there was no hyperleucoc 3 i;osis, and the Widal 
reaction was negative Before the examination, 1,000 c c of fluid had 
been taken from the chest 
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This patient is of inteiest also from the dietetic side, for he was given 
a nearly non-nitiogenous diet/'^ consisting of malted starch'® and cieam 
The number of calories given were 3,500 The nitrogen content of the 
food was about 1 gm In addition, 6 gm of sodium chlorid were admin- 
istered 

On the first day of the examination 33 8 gm of nitrogen were excreted 
m the uiine, representing at least that amount of nitrogen loss from the 
body Thereafter the amount fell 9 8, and finally to 4 5 gm 

This lower amount is what one may obtain in a normal individual 
with the same diet, so that even with the high temperature of this patient 
(103 6 on the sixth day) an output of 4 53 gm cannot be considered as 
the indication of a very definite toxic destruction of protein 

CASE 3, MILD PNEUMONIA 
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This case will later be compared with that of a highly toxic pneumonia 
patient (Case 13), who was placed foi a few days on this diet The 
most sti iking difierences in the reaction of the two cases to this diet will 
be at once apparent 

Throughout this case was observed a very close agreement with the 
normal figures of Eolin Moreover, no cieatin is found at an}^ time in 

27 Folin Am Jour Physiol , 1905, xiii, 73 

2S llie malted starch Mas made by taking aiiouroot starch, heating with 
Mater in a double boilei and after cooling to 70 C allowing an extract of malt to 
act on the starch in order to effect a partial con-\ ersion into maltose The result- 
ing mixture of maltose and starch is fluid Mhile hot and semi-solid uhen cold 
VTlien fla^ored with lemon or Aanilla it is readily taken by patient 
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this senes of analyses^ despite the fact that dm mg the examination tlie i 

patient received practically no protein ^ 

On the last day on which the nrine was examined^ a marked polyuria ) 

will be noted, due to the adnimistiation of 1,000 c c of "white drink ’’ ' 

The flushing out of the system by the very large quantity of mine ' 

passed did not have any influence eithei on the excretion of nitiogen or 
on the undetermined nitrogen 


Case 4 — The patient, L B , male, aged 18, was’ admitted on the fifth day of 
the disease (April 26) with a mild attack of central pneumonia, coming to the 
surface of the lung at tlie lowei iiglit lobe in small area On the 27tli the patient 


TABLE 4— PROTEIN METABOLISM 
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Mas comf 01 table, condition good A piecritical rise of temperature to 104 
occuried on this day, followed on the 28tli by defervescence during the day, which 
ivas completed on early morning of the 29th On the 28th he was comfortable, 
condition excellent, on the 29th, lung was lesolving, which was completed by 
May 1 Convalescence was uninteriupted, patient discharged hlay 10 

In this case the crisis occupied about thirty-six horns foi its comple- 
tion, and m order to study the effects of an uninteriupted convalescence ! 

the examinations of the mine weie continued over nine dajs, during I 

uhich time the temperature uas normal One finds the nitrogen and 
sulpliur excietion steadily decreasing, but the total output is high, never 
deci easing below 9 89 gni This is in marked contrast with the case of ^ 

pleuiisv (Case 3, B ) uluch ue have yust discussed 
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On the eleventh da}’ of the disease there is a marked rise in the 
mtiogen excretion to 28 9 gm ^ imaccompanied by rise in temperature, 
pulse or any unusual clinical signs Unquestionably, at this point the 
pioducts of the autolysis of the pulmonar}’ exudate vreie suddenly thrown 
into the circulation On the day preceding, warning of this was given by 
a rise in total nitrogen from 9 8 to 13 9 gm This use is not accom- 
panied by any special features in the distribution of the nitrogen, except 
in two respects^ a marked rise in the excretion of creatinin, and the 
advent of a comparatively large amount of creatin in the urine Unex- 
pectedl}’, the uric-acid excietion is not afiected, although on this dai a 


5B 4, MILD PNEUMONIA 
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veil laige amount of phosphoius is eliminated The reason for this is 
obscuie On this dai, and the following day, the ratios of sulphur to 
nitrogen undergo another change Where for some time previously the 
lanos varied fiom 6 0 to 6 3 the ratio is now 7.4 to 7 6, indicating with 
this rise in the ratio that a tipe of piotein is being catabolized which con- 
tains considerably more sulphur 

Regarding the ratio of neutral sulphur to rest nitrogen some ver} 
interestmg fact's are disclosed beaiing on the composition of these sub- 
stances 

The high elimination of niiiogen at the crisis is attended with the 
excretion of substances of unknov n composition^ which are relativelv poor 
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in sulphur The charactei of these substances changes direetl) after the ^ 

crisis, when substances comparatively rich m sulphur are excreted ' 

The high postcritical rise in nitrogen excretion produces a gioup of 
nitrogenous substances which foi two days are practically constant in 
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their undetermined nitrogen-sulphur composition, the ratio standing at 
5 to 1 This is followed by an exceedingly low excretion of rest-nitrogen 
compounds very rich in sulphur 


TABLE 6— PROTEIN METABOLISM IN C 


o 

as 


>3 

4-> 




d 

d 

Z 


Z 


Z 


Z 

a 

V 

tn 

Z 


Z 


a 

<v 

m 

5 

CJ 

V 

o 

> 

d 

O 

a 

o 

Q 

a 

s 

c 

u 

’Ui 

<v 

tc 

o 

•w 

s 

■Ui 

d 

d 

2 M 

•M 

d 

o 

bJD 

o 

4-J 

;S 

d 

o 

d 
es ^ 
B tn 
d o 

Eh 

•P 

d 

o 

o 

u 

■Ui 

z 

d 

EH 

•P 

d 

o 

*3 S 

So 

EH 

P 

d 

d 

S 

t 

O 

>7 

d 

Q 

a 

p 

o 

> 

g 

a 

a> 

P4 

X/1 

•*-* 

d 

Q3 

« 

a 

p 

< 

d 

o 

rS 

d 

Total 

2 

a 

<1 

o 

o 

a^ 

< 

O 

u 

o 

CM 

rt 

o 

P 

O 

p 

Sz 

Pr 

a 

u 

u 

o 

CM 

4^ 

d 

o 

c3 

O 

p 

d 

C4 

p 

d ' 

: 







Gm 

Gm 


Gm 


Gm 


Gm 


Gm 

00 

Gm 

s 

02 : 

iC 

2 

1000 

1018 

t 

+ 

0 

17 00 

14 90 

87 7 

130 

7 6 

13 60 

80 0 

0 48 

28 

0 00 

0 03 

u 

3 

520 

1019 

t 

+ + 

0 

7 39 

6 07 

821 

2 81 

38 0 

3 26 

441 

0 12 

16 

0 09 

12 

0 02 

0 3 V' 

4 

885 

1016 

t 

0 

0 

12 SO 

10 76 

841 

181 

14 2 

8 45 

69 9 

014 

11 

0 34 

27 

0 03 

0'.' 


5 

1250 

1017 

T 

0 

0 

22 80 

20 00 

87 7 

0 81 

3 6 

19 19 

84 1 

0 25 

1 1 

0 34 

15 

0 28 

12 

> 

6 

1545 

1019 

t 

0 

0 

24 72 

21 48 

86 9 

6 63 

26 8 

14 85 

601 

0 23 

09 

0 35 

14 

0 05 

02 

! 


It IS to be hoped that further voik m the moie detailed analysis of 
the rest nitrogen in conditions such as pneumonia will leveal tlie cause of 
this very interesting change in relationship 1 

moderatelx severe cases 

Case 5 —The p-itient, W W , male, aged 25, not alcoholic, had right upper 
lobar pneumonia He was admitted April 11 with frank moderately severe a ac ' 

On the third day of disease temperature was 104 5 F , pulse 102, respiration ,10, 
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during the night The patient’s general condition iinpro\ed, and on the 12th he 
was in good condition On the 13th he was slightly delirious during the day and 
night, hut during the 14th he again improved, and on the 15th, the seventh day 
of the disease, he was comfortable and defervesced The 16th, 17th, 18th and 
19th were days of a rapid and good convalescence 
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This case ended by crisis, with a marked postciitical rise on the day 
following This day is the one on which the urme was first examined 
This case does not diSer markedly from the preceding case, except that 

CASE G, MODERATELY SEVERE PNEUMONIA 


c 

5S 

t- 


O 

4J 


u 

U2 


02 

3 

02 

cn 

o 





c 

tc 

c 

u> 

p- 

B 

44 

a 

o 

a 

JS 

& 

w 

55 

a 

“i 

-*-• 

a 

o 

—’S. 

C 4_i 

44 

a 

o 

0^02 
*5 <y 

B 

MM 

a 

o 

s* 

B 

MM 

3 

o 

02 S 
■52 

03 

-4 

O 



■5 

fc. 

0 

XT 

O 

O 

u 

p 

o 

U2 

2m 

O 

U 

v 

S 3 

5 & 

U 

u 

o 


O 

o 

iM 

MM 

3 

u 

U 

s 

-4 44 

44 ..4 

c, 

CO 

o 

s 

Ci 

XT 

c. 

S 

3 


►U 

B 

B 

B 

Pm 



r.r» 

•— » 

Pm 

z 

Pm 

Z 

s 

a 

s 


Ura 


Gm 


Gm 


Gm 


Gm 


Gm 



Gm 

Gm 



159 

94 

126 

74 

0 96 

70 0 

0 93 

73 3 

0 03 

27 

0 30 

24 0 

18 9 

0 66 

0 24 

116- 96 

103 8-103 4 

I 09 

14 S 

0 82 

11 1 

0 67 

81 1 

0 65 

79 0 

0 02 

21 

0 IG 

18 9 

14 7 

019 

0 22 

112-100 

103 0-100 8 

15? 

110 

138 

10 S 

1 17 

84 9 

1 13 

82 0 

0 04 

29 

0 21 

15 1 

13 7 

0 29 

on 

120-100 

103 2-100 4 

103 

S5 

1 15 

64 

120 

82 8 

1 15 

79 4 

0 05 

34 

0 25 

17 2 

IS 0 

0 37 

0 38 

lOG- 92 

99 4- 98 2 

201 

IOC 

1 55 

63 

1 17 

75 5 

1 13 

72 6 

0 04 

2 9 

0 38 

24 5 

14 5 

1 34 

0 75 

92- SO 

100 8- 99 4 


the ratios for amid and urea nitrogen are somewhat higher The 
ammonia is low, both relative^ and absolntel}", as is also the creatmin 
In this case one sees very clearly the retention of phosphorus and its 
subsequent elimmation, after the temperature has reached normal 

Case 6 — ^The p-xtient, T K , male, aged 46, moderately alcoholic, with historv 
of syphilis, was admitted on fifth day of disease, though the lung was not fullv 
consolidated Temperature, 5 p m, was 105 F, pulse 106, respiration 34 Con- 
solidation developed during the night of admission in the right lower lohe On 
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the 21st patient was comfortable except for pain on coughing, condition good, * 

moderately seveie attack On the 22d, condition was slightly better, on the 23d, j 

condition showed continued improvement, and defervescence occurred during the i 

night, on the 24th, improvement continued and resolution of lung began, on the 1 

25th, lesolution continued with marked general improiement, on the 26th, the i 

patient was convalescent, lung resolved rather slowly ' 

This case differs from the preceding in that the defervescence was 
spiead over at least four days The analyses of the urine of the patient 
are complicated by the fact that on one day at least the mine was con- 
taminated^ and all the specimens but one weie alkaline^ so that the rela- 
tive values foi uiea and ammonia are uncertain 
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The case is of interest in showing postcntical rise in the elimination 
of nitrogen j on the 23d day, only 12 8 grams of nitrogen were excreted, 
vhile on the 25th day 24 2 grams were eliminated I 

Very high ratios of total sulphur, total nitrogen weie obtained on 
the second and third days of the examination, viz , 11 1 and 10 8, and m ^ 

this lespeet this patient differs from the preceding ones, m which the 
effort of the mdividual to spare his sulphur at the beginning of the ill- j 

ness IS made plain by the low ratio obtainmg at that time i 

Case 7 — ^The patient, F — t, male, aged 26, non alcoholic, was admitted on the 
first day of the disease. May 12 On admission temperature vas 103, pulse 104, 
respiration 52 There were severe pain and dyspnea from pleurisy Ihe lung 
vas in a stage of congestion in left lower lobe, the patient moderately sick Gen 
eral condition uas good on the 13th and 14tli, though tempercature was 104 5 F? 
pulse 120, respiration 24 during both afternoons, signs in chest seemed more 
those of fluid than consolidation Chest was tapped with negatiie result Patient 

was not so well during night of the 14th, decidedly improied on the 15th, mod i 
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erately sick dm mg the IGtli He continued to impiove, and during the 17tli to 
tlie 24tli slowly but steadily impioved Tlie tempeiature fell hy lysis, the lung 
beginning to resolve on the 21st 

This case shoivs the course of a very proti acted lysis, the tempeiatuie 
not reaching normal during the course of the examination. The diet 
duiing the examination contained four eggs, in addition to the amount 
the other patients received, bringing the nitrogen to 12 gm 

The first respect m which this case differs from the pieceding is the 
constantly high excretion of nitrogen The fluctuations aie great, it is 
tiiie, var 3 nng btween 25 6 and 115 gm, hut no steady deciease is 
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obseived in the elimination It is instinctive, however, to compaie this 
case with Case 3, in which the temperatuie had a couise similar to this 
except that the temperatuie was uniformly almost a degree higher There 
we concluded we weie dealing with a tuberculous pleurisy, with little oi 
no toxic destruction of protein Here, if one may pdge from the nitro- 
gen excietion, tlie amount of piotem destroyed is excessive 

In accoi dance vith vhat appears to us to indicate excessive metabo- 
lism due to the action of the toxms one finds higher absolute amounts 
of creatmin vitli a fall at a peiiod coinciding with lover temperatuie 
With tins high cieatinin excietion, we find associated a large amount of 
eieatin, reaching on the first day tlie very unusual amount of 0 34 gm 

29 It vill he mstrvicti\e to note the explanation of this high cre-itin output in 
cases of typhoid vhicli has been offered bv Ewing and Wolf (Tire AncitnES Ixt 
ilFD , 1909, IV, 336) A similar explanation will satisfy the difference which one 
obseraes in the total nitrogen and creatin output in Cases 3 and 7 of this senes 
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With the progress of the case, we here find a fall in creatinin and a 
subsequent rise and, what is of more interest, the practically complete 
disappearance of creatin from the urine This ease is also marked by the 
larger amount of uric acid excreted, a circumstance which seems also to 
point to excess in nuclear destruction This is also partly borne out by 
the fact that the phosphorus excretion in this case is uniformly high, in 
one day, the last of the examination, 1 46 gm of phosphorus being 
excreted 

The next case which we present, whale incomplete serially, gives the 
nitrogen metabolism occurring during a crisis m which the temperature 
fell in twenty-four hours from 106 to 98 2 

Casg 8 — The patient, P F, male, aged 34, with alcoholic history, was 
admitted sixth day of disease, February 7, moderately sick, with a small central 
patch of pneumonia in the left upper lobe, symptoms in excess of amount of lung 
involved, with mild alcoholic hallucinations In spite of high temperature (106), 
and pulse of 120, patient did not impress one as being very ill during the 18th 
and 19th On the 18th consolidation spread through upper lobe Rapid deferves 
cence secured on the 20th, and marked improvement, and on the 21st, convales 
cence Lung cleared by the 25th 

The first collection of urme was not made quantitatively On the 
day on which the crisis commenced, the total nitrogen was compara- 
tively low, only 9 2 gm being excreted During the followmg twenty- 
four hours the mtrogen excretion had risen to 34 7 gm With this 
inciease the uric acid, pieviously excreted to the amount of 0 05 gm , 
rises to SIX times that amount The undetermined nitrogen also increased 
in exactly the same ratio 

The crisis was followed by a slight postcntical rise, during which no 
more specimens of urine were examined The excretion of nitrogen on 
this day was even higher, rising to 36 1 gm In both these days the low 
latio of amid nitrogen, and the high imdetermined nitrogen, led one to 
conclude that through this period the products of autolysis were being 
excreted in such amounts as to escape the catabolic processes leading to 
ammonia and urea 

SEVERE CASES 

The following group of cases are those of patients elmically character- 
ized as severely ill 

Case 9 —The patient, C , male, aged 27, non alcoholic, with history of syphilis 
four years previously, vas admitted April 22 with right lower lobe pneumonia, 
eighth day of disease On April 23, temperature was 104 8 F , pulse 104, respira 
tion 40, patient was severely sick and delirious, general conditions no goo 
On the 24th, he was still severely sick On the 25th, the patient began o 
impro\e, but was still delirious On the 26th, he was much improved in general 
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condition, though still delirious, defervescence began On the 27th, defervescence 
completed, general condition excellent, though patient Avas deliiious at night 
On the 28th, he Avas convalescent, on the 29th, lung cleared 

This case is distinguished from those Avliich piecede by a considerable 
amount of albumm in the urine, indicating the effect of the toxic condi- 
tion on the kidneys On the other hand, the toxemia does not appear to 
have led to a veiy marked destruction of protein, for at no pomt in the 


TABLE 9— PROTEIN METABOLISM [ 


o 

c/2 

C* 

O 

W 

5 

O 

t> 

0) 

a 

>i 

> 

d 

5 

o 

s 

a 

o 

S3 

a 

a 

o 

a 

a 

tc 

o 

•t-i 

a 

o 

S-S 

S3 

o 

U1 

o 

4 

Z 

A3 

13 

v 

O 

a 

2 be 
c o 

Z 

S3 

CJ 

U 

S3 

a 

tc 

o 

t-4 

4-> 

s 

■w 

a 

m 

O 

c 

B w 
a ® 

Cent T N 

B 

c 

U 

o 

-u 

Z 

a 

z 

y 

0 

>> 

cj 

3 

O 

O) 

a 

o 

rt 

o 

s 

£ 

'S 

d 

+- 

o 


a 

a> 

1^ 

r-l 

a 

ci 

a 

u 

<3 

oZ 

3 

B 

o 

z 

Q 

►> 

xn 


■< 

w 

Eh 

< 


Ph 

< 

Pi 

P 

P 

6 

P 

6 

p 







Gm 


6m 


Gm 


Gm 


Gm 


Gm 


2 

1440 

1013 

j. 


+ ++-f- 

12 21 

0 55 

10 13 

871 

0 83 

7 1 

9 32 

80 0 

0 53 

46 

0 03 

03 

3 

1220 

1016 

T 

-f" + -h 


14 39 

0 23 

12 26 

86 5 

1 11 

78 

11 15 

78 7 

0 51 

36 

0 03 

04 

4 

905 

1015 

T 


+ 4" + + 

12 32 

0 13 

10 88 

89 3 

0 82 

67 

10 06 

82 6 

0 36 

29 

010 

OS 

5 

1075 

1017 

X 

-| — 1 — 

+ 4- •+• + 

15 43 

0 61 

13 43 

90 7 

111 

75 

12 82 

83 2 

0 40 

27 

010 

OT' 

6 

910 

1017 

T 

0 

4- + 4-4- 

15 59 


12 S3 

82 3 

0 91 

58 

11 92 

76 5 

0 33 

2 2 

OOS 

00 

7 

820 

1020 

7 

-t- 

4-4-4-4- 

16 37 


13 19 

SO 6 

0 94 

5 7 

12 25 

74 9 

0 37 

23 

016 

If 

8 

450 

1027 

7 

+ 

4-4-4-4- 

9 71 


8 44 

86 9 

0 45 

4 6 

7 99 

82 3 

0 24 

25 

014 

11 

9 

450 

1026 

T 

0 

4- 4-4-4- 

10 24 


9 02 

881 

0 36 

35 

8 66 

84 6 

0 22 

21 

010 

1* ' 

10 

600 

1025 

T 

0 

444 

12 65 


11 66 

92 3 

0 61 

4 8 

11 05 

87 4 

0 28 

2 2 

019 

]5 4 

11 

No urine recened 














12 

1090 

1016 

t 

0 

44 

Uiine 

decomposed 










13 

840 

1020 

t 

0 

4 44 4 

Urine 

decomposed 










14 

815 

1025 

X 

0 

444 

Urine 

decomposed 










15 

820 

1028 

t 

0 

4 4 44 

11 40 


10 38 

91 0 

0 44 

39 

0 94 

871 

0 24 

21 

0 00 

16 

1100 

1022 


0 

444 

11 78 


11 31 

96 0 

0 32 

27 

10 99 

93 3 

019 

1 6 

0 00 

00 

1 

00* 

) 

17 

940 

1023 

t 

0 

444 

11 02 


10 30 

93 5 

2 29 

20 8 

SOI 

72 7 

0 26 

24 

0 00 


examination vas the amount of nitiogen excreted excessive We appai- 
ently have heie an indication of tivo t5^pes of toxic condition, the one 
leading Avithin the cell to a breaking doun of protein and accompanied 
b}^ a large amount of nitrogen in the urine, the other is shown by the 
iriitative effect on the kidneys As ivill be seen, in some of the most toxic 
cases which we have examined — eases which are recognized clinically as 
most severe — not onl}'’ is the nitrogen output extremel}’^ high but an 
mtense nephritis is set up, as is sbovn by the large amount of albumin 
excreted in the urine 
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With legal d to the individual constituents of the uiine, one notes 
the absolutely high unc-acid excretion during the peiiod of highest tem- 
peiatuie, the inciease of cieatinm after the ciitical fall in teinpeiatuie, 
and dining convalescence the disappearance of cieatin fiom the mine 
In tins case, as in Cases 1 and 13, one observes the sudden change in the 
composition of the lest nitiogen, as indicated by the change in the ratio 
of undeteimined nitiogen to neutral sulphui On the days of lovei 
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S 1 0 1 00 7 0 1 15 SO 0 78 67 8 0 71 01 7 0 07 01 0 37 32 2 35 0 0 51 1 24 130-102 104 8-102 2 

'2 1 8 0 04 5 2 0 SO 7 0 0 02 72 1 0 58 67 4 0 04 4 7 0 24 27 0 37 5 0 15 0 65 120-100 105 0-101 8 

'8 19 0 01 41 0 97 0 3 0 74 70 3 0 09 71 1 0 01 5 2 0 23 23 7 37 6 0 52 0 58 120- 92 102 4 100 6 
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niti'ogen excietion the latio of neutial sulphui to rest nitiogen suddenl}-- 
falls to T 3 and 6 9, as against preceding latios of 49 3 to 37 o 

The retention of phosphoius duimg the period of high temperatures, 
uhile not striking, is distinct and as the case proceeds to convalescence 
there is a steady use in the excretion of these substances 

Cash 10 — The patient, P L male alcoholic -with left lower lobe pneumonia 
and influenra, was admitted on the third dav of disease Jaiitiaiv 10 in a serious 
condition, seiereh ill On Janiiai\ II, the patient was seiereh sick but slighth 
easier and more comfortable due to greater case of breathing out of doors On 
the 12tli, condition same duiing the dai, hut at night the patient dei eloped sud- 
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den delirium of alcoholic type On the 13th, the general condition same e\cept 
that dehrium had diminished, 540 c c of semi-purulent fluid were drawn from the 
left chest On the 14th, respirations were easier, but general conditions and 
delirium about the same, on the 15th, general conditions slightly but distinctly 
better, on the 16th, the patient was slightly better On January 17, his general 
condition was much improved, mental condition normal, January 18, improvement 
continued, January 19, patient still improved On January 20, general condi 
tion was not quite so good, signs of fluid had returned, on the 21st, the patient 
was not quite so well On the 22d, conditions were good but not improving, 450 

TABLE 10— PROTEIN METABOLISM 
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c c of bloody fluid drawn from the left chest January 23, 24 and 25, conditions 
remained stationary Operation was decided on the 25th, and on the 26th 200 c c 
of brownish, bloody pus were drained from chest Patient’s condition was good, 
January 27, it was improved, and from then on the patient made a slow but good 
recovery ' 

This case, one which must he regarded as a severe type of inflamma- 
tion of the lung, is complicated by an empyema The exammation of 
the case is incomplete, for the reason that estimation of nitrogen content 
of the pyemic fluid was not made Durmg the examination the patient 
was tapped twice, and altogether 840 cc of pus removed 

The nitrogen is distributed more on the lines of a non-nitrogenous 
high carbohydrate diet the ammonia ratio high, urea ratio low, and unde- 
termined nitrogen high 
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Apparently the condition was of such a type as to allow the nitiogen 
catabolism to be amenable to protection with carbohydrate 

It IS also interesting to note that the latio of neutral sulphur to 
undetermined nitrogen is very close to what Folin found in noimal cases 
on a non-nitrogenous diet For example, a recalculation of the lowest 
nitrogen output in Tables 7 and 5 of Folin’s article gives a ratio of 
neutial sulphur to lest nitrogen of 20 0 and 15 4 
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With the exception of two days of distinctly high ratio, namely, 41 5, 
31 2 and 25 0, the values found in the present case are practically within 
the normal figuies given there, in other words, the rest nitrogen m this 
case appears to have a composition, as far as its content m sulphur goes, 
very close to what has been observed m the normal 

Case 11 — ^The patient F — d, made, aged 27, non alcoFolic, eame to the hospital 
May 15, on the eighth day of disease, having been untreated, severely sick on 
admission Temperature was 104, pulse 1G8, respiration 48 Next day, the 16th, 
the patient ivas still sc%erely sick and delirious, on the 17th, he ivas distinctly 
better and defervescence began and ivas completed on the morning of the 18th, on 
which day he was greatly improved On the 19th and 20th, he was comfortable 
and convalescent, on the 21st, pleuritic pain was marked, on the 22d, patient was 
comfortable, on the 23d, he sat up in bed On the 24th, he was up in ward and 
on the 25th, discharged 
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The -urines in tins case were examined during the peiiod of the crisis, 
which had apparently begun before the examination The maximum rise 
in nitiogen took place on the fourth da}, when -the temperature had piac- 
tically reached normal There was a slight inciease also on the seventh 
day, accompanied, however, by a distinct but fleeting use in the tempeia- 
ture From then on the patient passed into a condition of piactical 
nitrogen equihbrmm 

The creatinin nitrogen was low On the first day of the examination 
a notable quantity of creatin nitrogen was excreted, 0 31 gm , but this 
rapidly fell, and while throughout the examination small quantities were 
constantly present, the amounts excreted daily were small 


TABLE 11— PEOTEIA MEfABOLISM 
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While the chlorin disappeaied entirely, on one day of the examination, 
the phosphorus increased steadil}, reaching its maximum on the last day 
of the disease The chlorin had, however, become maximal in amount 
the day previous 

Case 12 — The patient, H C , male, aged 27, until one jeai ago nas \ery alco 
holic, had syphilis seven years ago, vtas admitted on sixth day of disease vith 
left upper lobe involved and with a small area in the upper portion of the right 
lower lobe and also area in the right upper lobe He seemed dull and sicker than 
his symptoms indicated On the night of the 21st he was restless and uncom 
fortable, on the 22d, nauseated and lomited liis food, uas restless, dull, an 
seemed severely sick Hew area of consolidation appealed in the right uppci 
lobe On the 23d, the patient vas more comfortable and general condition 
impioied, began to defeiiesce On the 24th, defervescence vas complete and 
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geneial condition much improved On the 25th, consolidation in left lover lobe 
vas lesolving, patient comfortable, and general condition excellent On the 2Gth, 
patient was com alcseent, and continued so uninteiiuptedly , 

This case yas one characterized clinically as veiy seveiely toxic in 
i’spe, and a leview of the lesults given b} the examination of the mine 
sulistantiates that view 

The mine was examined lioni the time of entiance of the patient to 
the hospital The defeivescence extended ovei four days On these days 
the nitiogen excietion vaiied between 31 % and 27 2 gin Even after a 
noimal temperature vas leached the iiitiogen elimination still continued 
excessively high, and for five days (in one of which the mine was lost) 


CASE 11, SEVERE PNEUMONIA 
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the nitiogen excieted was from 22 7 to 18 3 gm Not only is the total 
nitiogen output high, bnt during the febrile period the ratio of amid 
nitiogen to total nitrogen is much below the noimal foi this amount of 
nitrogen As the ammonia latio is low — quite within the supposedlv 
noimal limits foi tins amount of nitiogen — the rest nitiogen rises to 
most unusual absolute i alues 

On the fiist day of the examination unloiovn substances containing 
o 82 gm of nitiogen veie excieted In only one (Case 13) of the othei 
cases have we found amounts m any way approaching this Foi seven 
daAs a vei} high lest nitiogen was exhibited, falling at times to 1 01 On 
the fifteenth daA of the disease the composition of the urine changed com- 
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pletely from that of the previous day The patient went instantly into 
practical nitrogen balance and produced a urine normal in composition 
The creatmin output on the first days of the examination was well above 
what has been found in the cases so fai discussed falling on the ninth day 
to a value to be found in most normal cases of this disease 

The creatin output is extremely high, on some of the days approachmg 
very closely to creatmin output itself It is noticeable also that the final 
fall in creatin precedes the day of low nitrogen excretion Throughout 
the febrile period of the case the uric-acid nitrogen is also extremely high 
Its fall precedes that of the total nitrogen 


TABLE 12— PROTEIN MCTABOLISM' 
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With the exception of the first two days, one notes that the ratios 
obtained for the total sulphate sulphur to total sulphur are very high, so 
that as a consequence the neutral sulphur is comparatively low, espe- 
cially when one compares it with the excessive amount of rest nitrogen 
excreted One can only believe, therefore, that m this case m the group 
of unknown substances excreted as rest nitrogen there is a relatively great 
preponderance of those which contain a very low proportion of sulphur 

•FATAL CASES 

The following cases terminated fatally, but do not comprise the com 
plete results of all examined In some of the instances the delirium was 
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SO gieat that we were rmable to collect twenty-fouT-hour specimens of 
urme In some cases the patients entered the hospital m an alcoholic 
deliiinm and no satisfactory history or exammation could he made 

Case 13 — ^Tlie patient, J W , male, age unknown, alcokohc, with delirium 
tremens, was admitted with right lower lobe and right upper lobe involved No 
history was obtainable On admission, May 2, patient was evidently seriously ill 
and delirious, on May 3, general condition was fair, there were paroxysms of 
marked dyspnea, the patient was still evidently seriously ill On IMay 4, condi- 
tion was about same. May 5, patient’s general condition not as good, pulse was 
worse On May 6, patient was still delirious, condition fair, May, 7, about 
same. May 8, further extension in right upper lobe, delirium more pronounced, 
patient evidently worse On IMay 9, temperature was lower, but pulse and 
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respirations much worse On the 10th, most of the day patient seemed a little 
better, but in late afternoon grew worse Entire right lowei lobe was con- 
solidated, patient evidently worse On the 13th, patient continued delirious, and 
pulse was worse in character and faster in rate Condition was very bad On 
the 14th, patient died 

This t^^ical case we were able to examine over an extensive period, 
duiing winch the temperature never fell to normal It is like the pre- 
ceding in showing an amount of undetermined nitrogen on the first dav 
of the examination above that of am so far recorded in the literature 

Creatmm w'as excieted in an unusually high amount, on the first dav 
of the examination The patient was a small man, weighing probably 
not inoie than TO kilos In this instance the creatmm coefficient was 
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undoubtedly at least 11 0, a value which has only so iar been approached 
m tj^phoid fevei/® and by Hoogenhu 3 ^ze and Verploegh^® in muscular 
effort in which the metabolism is at a very high level 

What IS quite lemaikable is the absence of creatin in these urines until 
the last of the examination, when the creatin nitrogen steadily rises Dur- 
ing the time no cieatin was found a large amount of muscle tissue was 
probably catabolized This unusual state of affairs would tend to show 
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that the breaking down of body protein alone, such as occurs in starva- 
tion, is not the only factoi essential to the appearance of creatin in fche 
urine It is notable also that the amount of creatin steadily rises until 
death occurs — ^the amount excreted on the day befoie death is highest 
If one may use the relative figures which were obtained for an incom- 
plete specimen of urme on the last day, one may assume that both 
ereatinin and creatin were higher on these days than on any preceding 
The total sulphur in this case meiits some attention In most of the 
other cases examined the ratio of total sulphur to total nitrogen varied 
between 6 0 and 7 5 In this case much higher ratios obtained, in one 

2S Shiffei, P A Am Jour Physiol, 1908, IG 

29 HoogenhuA ze and Verploegh Ztschr physiol Chem , 1905, xhi, 41o 
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day being 9 S, except on the hist da} iihen 9 b per cent of total nitro- 
gen Mas excieted as total sulplmi the highest values ivere obtained at 
tlie end One might he led to infei tliax this catabolism of a piotein high 
in sulphur toivaid the end of the disease w^as sigmficant, for it has been 
seen in othei conditions — notahl} delayed chloiofoim poisoning in ani- 
mals — ^hut such is not altogether the case, for in other lethal cases of 
pneumonia ivhich ive have examined the latios are low toward the end 
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In this, as m Ca^e 12, the latios foi the vaiious components of tlie 
sulphui paitition aie high, denotmg a very efficient capacity for oxidizing 
the large amount of sulphur excreted 

Case 14 — ^Ihe patient, J W, vas admitted with right loner lobe onlj 
imohed, no history obtainable On admission, and on March 1, the patient’s gen- 
eral condition was good, he seemed seierely sick On the 2d, the left loner lobe 
became imohed and patient’s condition became more serious On the 3d, he nas 
^el^ ill, though his general condition nas not alarming On the 4tli, his condition 
nas not better On the 5th, patient nas worse, became delirious On the 5tli, the 
right loner lobe nas rcsohing, but general condition was lery bad On the 7th, 
ho died 

This case shovs a somewhat different course in the nitiogen metabol- 
ism, ac the amount of nitrogen excreted rose ton ard the end In this case 
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Me have the pneiimomc condil]on attended with a nephiitis so intense 
that on the day on ivhich the patient died 8 33 gm of albumin nitrogen, 
equivalent to about 53 1 gm of albumin, weie excreted The amount of 
albumin excreted varied beWeen wide limits and was not progressive 
The ammonia nitrogen in this case vms high On the last day of the ill- 
ness 48 5 per cent of the total nitrogen, excluding albumin nitrogen, 

Mas excreted in this form It is possible that the urine on this date was 
decomposed, hut it is doubtful It is worth Mdiile noting that in two 
cases the day of death M^as accompanied by an alkaline urine in which a 
large pait of the nitrogen was excreted in the form of ammonia 

The cieatinin nitrogen m this case exceeds on an average anjdhing 
Mdiich has been found in au}' previous case, and on the day of death 
reaches a maximum With the high output of creatinin we have a most 

TABLE 14— PROTEIN METABOMS 
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iinusuallj high cieatin elimination, suddenly appearing on the second day 
of the examination Clinicall} the case might easily be compared Muth 
the preceding yet theie is a niaiked difference in the metabolism of the 
tM'O cases In the one no cieatin is found, in the other, creatin appears 
in the urine and reaches a level Mdiich is not found in any of the otliei 
cases examined 

The line acid nitrogen is high throughout, but does not call for any 
special comment, except to point out the unusual amount 0 43 gm , 
excieted on the terminal day 

The lest nitrogen, compared Mutli what has been found in some of the 
other cases of severe toxic pneumonia, is both relatively and absolutely 

lOM 

A comparison of the neutral sulphur Muth the undetermined nitrogen 
shoMS the fluctuating character of the latter, Mith respect to sulphur 
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The latios \an flora 48 3 to as Iom as 8 4 No relationship with the 
seventy of the condition nor vith ani of the impoitant factors, of the 
mtiogen paitition can be made out 

SUJIMAllY 

The mtiogen and sulplim metabolism in 19 cases of pneumonia of 
laiying degiees of seventy have been examined 

The cases of mildei tjpe show a smallei loss in mtiogen and sulphui 
than do those of a moie scveie giade The daily loss in nitrogen on a 
diet adequate to piotect a lesting individual from mtiogen loss may be 
flora 30 to 35 gm 

The lelative desamidatmg capacitj, as shoun by the ratio of urea 
mtiogen to total mtiogen, is compaiable to that of a noimal subject 
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'file capaciti fm the oxidation of the c}stin gioup, as exhibited by tlie 
latio of total sulphate sulphui to total sulphui, is quite as high, if not 
highei than noimal 

Dunng the penod of hjpeipyiexia excessive amounts of cieatimn 
aic eliminated This is followed during convalescence by a subnormal 
exci etion of creatimn This is taken to indicate the endeax or on the part 
of the oigamsni to lepair the losses sustained duiing the height of the 
toxemia 

In the soxeie cases of pneumonia large amounts of creatin are also 
excieted 'bhis is seen paiticiilaih dunng tlie time of greatest nitrogen 
loss Dunng comalescence the cieatin disappeais from the urine In 
some of the lethal cases the amount of cieatin excieted on the dax termi- 
nating the illness is as high as the amount of cieatimn excreted 
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During hyperpyrexia, especially in cases severely toxic in type, 
unusually high amounts of undetermined nitrogen are excreted In some 
cases over 5 gm of nitrogen derived from uninvestigated substances are 
found in the urine This nitrogen is not derived from albumoses, as 
the search for these substances revealed quantities which in no way could 
account for the large amount oi rest nitrogen 

The sulphur excretion runs more oi less parallel with that of the 
nitrogen , but it appears in some of the cases that the catabolism of pro- 
teins rich in sulphur is not so marked as those in which the content of 
sulphur IS small On the other hand, cases progiessing unfavorably seem 
to show an excessive destruction of proteins containing much sulphur 
This IS made out from the increased ratio of total sulphur to total nitro- 
gen 

477 First Avenue — 36 East Thirty first Street 
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THE BAGTEEIOLOGY OF ACUTE IHFECTIOHS OF THE 
EESPIBATORY TEACT IH CHILDEEH, WITH ESPE- 
CIAL EEFEEENCE TO IHFLUENZA 

L EJEMETT HOLT, ]\rD 

KEW YORK 

One o£ the most striking changes in the inoitalit}'- figures of the last 
twen tv-five years is m the increase m the deaths fiom acute respiiatory 
diseases, especially bionchitis and pneumonia This has affected all ages, 
infants and young children, as well as adults As respects infants, the 
mortality fiom respiratory diseases in New Yoik touched the high point 
m 1902, since which time it has fallen but little This increase is in 
sti iking contiast with the steady decline in acute infections of the gastro- 
intestinal tract, these having fallen almost as steadily as those of the 
lespiiatoiy tract have iisen Thus twenty-five years ago the deaths 
undei one year fiom acute intestinal diseases numbeied 3,300, the same 
yeai those of bronchitis and pneumonia numbeied only 1,350 In 1902 
the deaths fiom acute respiiatory diseases were greatei by neaily one 
bundled than those fiom acute intestinal diseases the following year 
Nowheie has this increase been more marked than in institutions, espe- 
cially in those foi infants and young childien Nothing m a hospital 
service is moie discoui aging than the development of such complications 
as acute nasopharyngitis and otitis, lar 3 ngitis, bionchitis and bioncho- 
pneumonia in childien admitted foi othei diseases oi for surgical opera- 
tions In fact, tliese infections have come to be almost as serious as the 
deielopment of scailet fevei, measles oi diphtheria, and often more diflS- 
cult to contiol because the souice of infection and mannei of spieading 
are less obvious 

I had shared the opinion that foi the increase in acute respiratory 
diseases influenza especially was laigely lesponsible In order to deter- 
mine vhat pait this actually played in oui lespiiatory infections, sys- 
tematic obsei rations were begun in the Babies’ Hospital in December of 
1908 and continued thiough the following wintei and spiing, vitli 
some observations during the summei months foi control 

In voiking out this pioblem I hare been fortunate in having the 
assistance of our pathologist. Dr Maltha Wollslein uho for sereral yeais 

* Koad at a incotiiig of the *\mcricaii Pedntnc Socielr at Leno\, ]Mas=5 Afav 
27, moo 
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lias devoted mucli time to the study of the bacillus of influenza and allied 
organisms This fact is a suflacient guaiantee of the accuracy of the 
bacteriological part of this report I desire also to express my obliga- 
tions to Dr J osephine Hemenway for valuable assistance m carrying out 
this investigation 

Eealizing the vagueness ivith which the term ^hnfluenza” is used, we 
endeavored to discover how much real influenza existed which could be 
demonstrated by cultures, accepting nothing as of diagnostic value except 
the presence of Pfeifler’s bacillus 

CLINICAL OBSERVATIONS 

We began by making cultures from all suspicious cases, i e , those of 
patients with moderate or severe catarihal inflammation of the upper 
and lowei respiratory tract, and cases with high temperature without 
obvious explanation Later this was extended to cover all respiratory 
cataiihs and all cases of pneumonia, empyema, otitis and all febrile cases 
of doubtful diagnosis, particularly those developing in the wards At 
times cultures were taken from all the patients of certain wards, also 
from caretakers, nurses and physicians who weie in contjct with the 
childien Finally, cultures were made from the lungs ano heart’s blood 
at all autopsies udiether influenza was suspected or not It is scarcely 
necessary to state that the bacillus of influenza grows only on a medium 
eontaimng hemoglobin, that of the rabbit’s blood being found to be most 
convenient Blood-agar plates ivere used for all our cultures 

It developed in the course of these observations that success depended 
in no small degree on the manner of taking the cultures It was found 
that the bacilli were often difficult to obtam unless bronchial secretion 
could be secuied The cultures made, therefore, aie to be regarded as 
sputum cultures rather than simple throat cultuies It w'as not always 
easy to secure sputum fiom the infants who composed most of our 
patients, but by followmg the plan j^nrsued at the hospital for obtaining 
tubeiculous sputum results w^ere much improved The child was made 
to cough by irritating its pharynx with a bit of gauze or cotton in the 
jaws of an arteiy clamp, and any secietion brought into view was secuied 
on this swab Not all children could be made to cough well, winch 
explams some negative results in positive cases 

I have to report on observations made on thirty-six nurses, four 
physicians and about 350 children, repeated cultures havmg been taken 
from many of the persons In addition to these observations on patien s, 
cultures were made from the lungs and heart’s blood in fifty-nine con 
secutive autopsies 
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In the lecoids of throat cultures no account has been taken of the 
Mici ococcus caiaiiliahs, since this was found to be present in practically 
every child examined whether S3Tnptoms existed or not, and at first no 
account also of the 6taph3dococcus 

The stieptococcus was noted when present and also the pneumococcus 
In the first few cases the latter was noted only wlien present in consider- 
able numbers, but in the latter part of the season — including neaity three- 
fourths of the cases — ^the presence of the pneumococcus was noted in every 
instance in which it was observed 

The B in'fiuenz(B was discovered by cultures in eight3^-five persons, of 
whom foit3^-two were suspected of haring influenza and foit3^-three were 
not, fifteen of the latter being nurses or ph3 sicians who u ere in intimate 
contact with patients 

A suspicion of influenza in the foit3-tuo cases rested on the following 
symptoms 


Obscme high tempeiatme Mith few or no catarihal sjmptoms 12 

High and nidely fluctuating tempera tuie uith oi nithout pneumonia 7 
Acute cataiihal sjmptoms iiith fevei 3 

Acute catarrhal sjmptoms nith little or no feiei 8 

Sereie cataiihal symptoms, protracted oi lecuriing 0 

Pi oti acted bronchopneumonia 3 


111 the foit3'-thiee non-siispected cases in rvhich the inftucnzai 

was found the clinical condition of the subjects examined was as follows 


Ho symptoms (routine cultuics), of mIucIi 15 Mere nurses 19 

Model ate bionchitis, young infants exposed to influenza 7 

Tj'pical pneumonia M'lth high tcmpeiatuie (one had crisis) 3 

Empiema (one staphylococcus and one pneumococcus) 2 

Hiirses Mitli slight cough and phaijngitis 2 

Vaiioiis others 10 


In the begmnmg we made many mistakes, expectmg to find the B 
influenza: in cases of acute nasophai3Tigeal catarrh, but it was not found 
in a single one of fire such cases der eloping in the rvards, nor vas the 
pneumococcus found 

Of 4.7 cases of acute bronchitis or pneumonia occurimg in tlie wmtei 
01 spring months the B influenza: rvas found by cultures in 63 per cent , 
some of these patients rreie admitted rsith the disease and others devel- 
oped it in the rvards I shall lefer again to the clinical features of the 
influenza infections 

At this season of 113 persons giving negative influenza cultures, 
sixteen were suspected and ninetj -seven rvere not fortr -three of the lat- 
ter being routine cultures taken from persons in no var ill It is of some 
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interest that in two of the suspected cases giving negative cultures dur- 
ing life, the autopsy showed the B %nfiuenz(B in the lungs 

It IS, I think, very significant that, while positive infiuenza cultures 
were frequently obtained through April and the early part of May, with 
the advent of warm weather this organism disappeared entirely from our 
patients Cultures were made from twenty-seven persons in the latter 
part of May and through the month of June, and but once (this in the 
peison of a nurse who had it many times before) was the B influenza 
found after May 20, though in some of these patients or nurses it had 
been regularly found during the previous weeks 

The association of the pneumococcus with both positive and negative 
influenza cultures is interesting In the winter and spring observations 
of the patients giving positive influenza cultures, the pneumococcus was 
present in 48 per cent Of the persons giving negative influenza cultures 
the pneumococcus was present in 27 per cent Of the 74 cases of acute 
bronchitis and pneumonia seen at this season, 46 per cent showed the 
pneumococcus and 54 per cent did not, of those same 74 cases it will be 
recalled that 63 pei cent had influenza and 37 did not Although the 
B influenza disappeared with the advent of wann weather, pneumococcus 
infections persisted Of twenty-seven June cultures it was present in 
ten, five of these were cases of pneumonia and five patients had no bion- 
chial 01 pulmonary sjrmptoms, though one developed pneumonia a few 
da}S later Not only were pneumococcus infections seen in the lespira- 
tory tract, but several cases of pneumococcus ophthalmia occurred in the 
hospital during the summer Our influenza, then, was limited to wmter 
and spring, but pneumococcus infections persisted throughout the year 
Influenza and otitis are so often associated in the mind of the clini- 
cian that the bacteriological findings possess some interest Duiing the 
winter and spring season, cultures were made twenty-nine times after 
fresh paracentesis in cases of acute otitis The staphylococcus v as found 
twenty-five times, the pneumococcus, nme times, streptococcus, once, and 
the B influenza in not a smgle instance Yet in throat cultures made 
from the same patients, fifteen of the twenty-nme showed the B influenza 
and three showed the pneumococcus This result is to he taken in con- 
nection with the findings in the cases of acute nasopharyngitis, in which 
also no B influenza were found These suggest that the relation of 
influenza to these compheations resembles that of measles, in that it 
furnishes conditions m which the micro-organisms commonly present m 
these cavities become active and excite inflammation In not one of five 



L EMMETT BOLT 


453 


cases of acute retiopharjmgeal abscess was the B mfluenzcc found either 
m the throat or the pus, these cases shoued staphyloeoceus or strepto- 
coccus 

POST-]UOnTE:M OBSERVATIONS 

Cultures weie made from the lungs and heart’s blood m iifti-nme 
consecutive autopsies Fortj -seven were made in the winter and spiing 
and twelve in the early summer It is important to consider the tvo 
groups separately In the winter and spring cases the B influenzcc vas 
found in seventeen, twelve of these gave positive influenza cultures dur- 
ing life, two gave negative cultures, though influenza was suspected from 
the clinical symptoms, and in thiee no cultures were taken Of the 
seventeen cases in which influenza was found, eleven were cases of acute 
bionchitis or aeute hionchopneumonia, two were terminal pneumonia 
following maiasmus, three were pulmonary tuberculosis and one onl) 
uas non-pulmonary As in cultures made during life, the pneumococcus 
was found less fiequently, i e , in only thirteen of the forty-seven cases, 
BIX of these were aeute bronchitis or bronchopneumonia, one a teiminal 
pneumonia with marasmus, two pulmonarj tuberculosis, and four non- 
pulmonary cases Considering only the sixteen cases of acute bionchitis 
and bionchopneumoma wdiich came to autopsy, the B influenza’ was 
piesent m eleven and the pneumococcus in only six In two cases of 
acute bionchopneumoma there was no growth from the lungs, in three 
cases neither the B influenza; nor the pneumococcus was present but only 
the staphylococcus Of special interest is one case in which a pure 
giowtli of the B influenzce was obtamed from the lungs, and another case 
in which a pure growth of this organism was obtained fiom a serofibrin- 
ous pleural exudate 

Of the twehe autopsies made in eail}' summei, the B rnflenza; was 
found in none, the pneumococcus in si\ four of those obtained In four 
staph} lococci weie present The part plajed b} the streptococcus m this 
senes of pneumonia cases was not gieat It was found in four cases only, 
neier as the sole oiganism 

THE VALUE OE CULTURES TOR DIAGNOSIS 

The question natuialli aiises how mucii laliie can be attached to cul- 
tuies for the diagnosis of influenza Some idea may be gained from our 
expel lence Of flft} -eight persons suspected to be suffering from influ- 
enza the throat cultuies were positive in fort} -tv o and negatne in six- 
teen ; but m tv o of these negative cases the organism was obtained fi om 
the hing^ at autopsi On the other hand of 185 peisons — ^patients or 
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inmates of the hospital — ^not suspected, the cultures were negative in 142 
and positive in 43, 15 of the latter being nurses There were only eleven 
persons from whom the first cultures were negative and later ones posi- 
tive Three of these gave two negative cultures before a positive one was 
obtained The significance of these facts is lessened by the knowledge 
that the cultures were separated by some time, usually one to two weeks, 
so that it IS peihaps quite as likely that a later infection occurred, as that 
the organism had been previously present but missed 

The proportion of positive throat cultures in suspected cases, 73 per 
cent, IS, I think, sufficiently large to ivairant one in attaching consider- 
able importance to these results Early in our observations we classed as 
‘^suspected,” cases of acute nasopharyngitis , later experience proved this 
to be an error Excluding these would raise our proportion of positive 
results to 80 per cent 'While one cannot regard a single negative culture 
as having the same significance as a negative culture fiom a throat in 
suspected diphtheria, two or three negative cultures, if properly taken, 
can in most cases be depended on Negative lesults in infiuenza are more 
reliable than are negative examinations for tubercle bacilli from sputum, 
since it IS easier to demonstrate the B infiuenzm by cultures than it is to 
discover the tubercle bacilli by staining smears 

THE SIGNIFICANCE OF THE BACTERIOLOGICAL FINDINGS 

We have deferred until now a consideration of the important ques- 
tion which might very properly have been taken up at the outset, viz 
What significance has the presence of the B zv/fluenzm in the pharyngeal 
or bronchial secretions of persons suffering from acute febrile or catarrhal 
symptoms, or in apparently healthy persons in whom no such symptoms 
exists When present with symptoms, is it fair to assume that it bears 
a causal relation to them ^ Is the B %nf,uenz(B in these cases the specific 
pathogenic organism, or only one of an associated group which together 
cause the familiar symptouL-complex ? 

That the B %nfiuenz(B is pathogenic is, I think, now generally admit- 
ted, and I may say that so far as these observations go they show quite as 
much for the B znfluenzce as the}'^ do for the pneumococcus It is granted 
that in most of these cases we are dealing with mixed infections, but I 
would call especial attention to tuo cases which came to autopsy, one of 
which showed a pure culture of the B vnfl^ienzcs in a serofibrinous pleura 
exudate, and in the other a pure gioivth of the same organism was 
obtained from a pneumonic lung No blood-cultures were made during 
life In no case in this senes of 59 autopsies was the B influcnzw 
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obtained fiom cultures made at autops}' fiom the heart’s blood ^ Ko 
case of meningitis u as seen in which it was the sole orgamsm though a 
number of such cases have been reported to have occurred in Mount 
Sinai Hospital in ISTeu Yoik and it has been found seveial times in the 
cerebrospinal fluid sent to the Eockefellei Institute^ from cases suspected 
to be epidemic meningitis 

My oun belief is that infection uith the B influenzce plays at the 
present time a veiy important part in acute inflammations of the respiia- 
toiy tiact, especially bronchitis and pneumonia According to these 
observations it apparently plays at certain seasons a more important part 
than the pneumococcus The cultures indicate that the B xnflucnzcB and 
the pneumococcus aie associated in a veiy large number of patients I 
believe that this mixed infection of influenza with the pneumococcus has 
gieatly modified the clinical course of our acute pneumonias as we see 
them to-day The clinical pictuie may be detennined in one case by a 
predominance of influenza, in another by a predominance of pneumo- 
coccus infection It may be difficult, and perhaps, in most cases, impos- 
sible to sepal ate the two factors But that there is such a pathogenic and 
clinical entity as influenza fiom oui experience seems certain 

With respect to apparentlj healthy persons -whose bronchial or 
pharyngeal secretions contain the B xnflnenzcu, ve are in exactly the 
same position as with peisons who in a similar way haibor the pneumo- 
coccus Who shall say that either is not a menace to those with whom 
such a peison is tin own in close contact'’ Among persons exammed in 
the course of these observations, there were found sixteen healthy per- 
sons whose secretions show'ed the B xnflxicnzcc, often m pine culture and 
lepeatedh , fifteen of these were nurses Of these sixteen peisons, eight 
show'ed also the pneumococcus and four had diphtheria bacilli One nurse 
gaie positne influenza cultures on April 30, Mai 5, 10, 12, 18 and 28, 
but later this organism w^as not found In seveial of these examinations 
there w'as a pure growdh 

I confess I am stiongly inclined to regard such persons as probable 
carriers of infection, to be treated accordingly It is only bj the recog- 
nition and removal of such obscure etiological factois that we shall suc- 
ceed in limiting house infections This raises many practical questions 
regarding quarantine and isolation which with our present knowledge 
are difficult to answer But our ejes should certain!} be open to cases 
of till'? kind, wdiich I belieie to be a ven leal source of danger 

Positive pneumococcus cultures without influenza were obtained in 
twenty apparent!} health} peisons eleven being nurses, m man} of 

1 Hus Ims ho\\e\cr been found lu in one ca‘?e since that time 
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them, repeatedly In about half of the healthy inmates of the hospital 
examined in the -winter months either the pneumococcus or the B influ- 
enzce was found, and in one-half neither was present 

the olihical eeatuees op inpluenza inpections 

These observations indicate that there is no single clinical type which 
we may always diagnosticate influenza, that it is not often the acute 
catarrhal symptoms of the upper respiratory tract, hut certain constitu- 
tional and certam bronchopneumonic symptoms The constitutional 
symptoms are often characterized by rather high and widely fluctuating 
temperature of a remittent or intermittent type, but without a correspond- 
ing amount of general prostration The temperature seems to have no 
regular course, it may last only two or three days or may run as many 
weeks even without the development of inflammatory complications, 
which, however, are very prone to occur 

The bronchopneumonic symptoms are sometimes early and apparently 
primary, but more often secondary and late They are frequently severe 
and threatening, but of a very evanescent character At other times they 
are protracted and tend to ehronicity with frequent exacerbation of acute 
symptoms, indicating a persistence of the infection This latter form is 
frequently seen in childien of feeble resistance 

There are other inflammations accompanying influenza which are to 
be regarded in the light of complications A frequent one is otitis In 
eightj'-five persons giving positive influenza cultures there were seven- 
teen of acute otitis It will be recalled that in no one of the twenty-nine 
cultures made after fresh paracentesis was the B ^nfluenzcB found It is 
easy to see, then, why this operation, while relieving the local inflamma- 
tion, not only does not cause the temperatuie to fall to noimal, but may 
not affect the tempeiature at all The operation has no effect on the 
general influenza infection This is a point which those who regard a 
persistent elevated temperature after paracentesis has been done as a 
sign of mastoid disease, will do well to consider I have with difificulty 
on several occasions restrained the aural surgeon fiom opening the mas- 
toid or excising the sinus or jugular vein — in no instance, I am happy 
to say, to the detriment of the patient 

I have lecently seen five cases ot acute nephritis and larely acute pye- 
litis as a complication of influenza, especially vhen persistent, occurring 
just as thej'^ might occur after scarlet fever or measles 

The B tnfluenzce being chiefly found in the lower respiratoij'^ tract, 
it IS easy to see whj'^ gargles and mouth-washes proved so unsatisfactory 
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as a means of getting iid of the oigamsm from the secretions When 
once fiimlv established in the bronchial mucous memhiane it seems most 
difficult to get rid of it, especially in persons whose general condition is 
below par This explains the resistant character of influenza attacks in 
such patients, also the recurrences when the disease is apparently at an 
end, and the marked influence of change of climate in curing these 
patients In cases seen in the winter oi spring in New York sometimes 
nothing but removal to a warm climate will break up these attacks, hut it 
IS sui prising how quickly persons often recover when such a change is 
made I once regarded these recurrences as reinfections from without, 
sometimes from the apartments or from other persons, but in the light of 
the culture findings my present belief is that such patients have never 
become free of the organism from the bronchi and that these under favor- 
able conditions continue to excite relapses 

These observations shed light on certain ii regular featuies of acute 
bronchopneumonia, especially cases in which a high and widely fluctuat- 
mg temperature occurs Persistent temperature may occur from influ- 
enza infection without important signs in the chest or other evidences of 
local inflammation A Imowledge of these peculiarities of the tempera- 
ture curve in influenza should make one very cautious in inferring that 
because a child with acute otitis, for instance, has a persistent and widely 
fluctuating temperature, such temperature, provided pneumonia can be 
excluded, depends on the ear condition or its complications, mastoiditis 
or sinus thrombosis 

In the management of the protracted cases nothing can be worse 
than crowding and the confinement in close rooms or wards Presh an 
in abundance is indispensable Eegarding the effect of the very cold 
air in hospital wards for such patients, I am not quite so sure If it can 
be secured without exciting fresh catarrhal attacks it may be desirable, 
but this risk is considerable The extreme susceptibility of these patients 
should be remembered, and I have in several instances seen an attack of 
pneumonia which seemed to be traceable to sucb an exposure in cold-air 
treatment Cold wards are, I believe, of much greater value in prevent- 
ing these respiratory infections from gaming a foothold than in curing 
them when once established 


CONCLUSIONS 

1 The use of the term influenza should be limited to an inflamma- 
tion or infection excited by PfeiffePs bacillus 

3 It IS of great importance in all infections of the lower respiratory 
tract, especially during the cold weather 
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3 It has \evy much less to do with acute nasopharyngeal catairhs 
and their complications^ otitis^ adenitis, etc 

4 It may cause severe general symptoms with few or no local symp- 
toms, even of the respiratory tract, but general blood infection with this 
organism is very rare 

5 While in most patients the mfluenza infection causes acute symp- 
toms only, recurrences are exceedingly common, and in some patients the 
attacks aie prolonged, persisting for months 

6 The B influenzae may he harbored in the secretions of apparently 
healthy persons for a considerable period, certainly for several weeks, 
whether such persons may spread the disease is not yet determined 

7 If properly made, cultures are of great value for diagnosis, but the 
bronchial secretion should be secured 

The foregoing is to be regarded as a preliminary report, as the study 
IS still going on, and many more observations will be necessary before 
definite conclusions can be reached 

14 West Fifty-fifth Street 



A MODIFIED METHOD FOE THE CLIHICAL ESTIMATION OF 

PEPSIN - 

WILLIAM C ROSE 

IfEW HAVEN, CONN 

In the chemical examination of stomach contents attention has lately 
been directed anew to the estimation of the enzyme content of the gastric 
secretion, and a numbei of lelatively simple methods of analysis have 
been proposed Among these aie the methods of Yolhaid,^ Fuld and 
Levison/ Gross,® and Jacoby and Solms^ The Jacoby-Solnis piocednre 
appears to offer the gieatest advantages, and has received favorable con- 
sideration for clinical purposes in this country from Goodman® and 
Einhorn^® and abioad from Witte'^ and otheis The method involves the 
preparation of an imperfect solution of commercial '^ricin^^ (piepared 
from the castoi bean) This fluid is rendered more tuibid by addition of 
a small amount of acid Diluted gastric contents are added in varying 
quantity to a series of test-tubes containing the same volume of the 
turbid ricin solution, and after the total volumes of fluid are made alike 
in all the tubes they are allowed to stand in an incubator for three hours ® 
At the end of this time one examines the tubes to ascertain with what 
dilution the cloudy solution has cleaied up, i e , in which tube the sus- 
pended protein has just been completely dissolved by the enzyme present 
The pepsm content of 1 c c of gastiic juice which, in a dilution of 1 to 
100, is just capable of carrjmg out the reaction as outlined, is expressed 
as 100 pepsin units On this basis the enzyme content of variously 
diluted gastric contents can be calculated 


' Fiom the Sheffield Laboratoiy of Physiological Chemistiy, Yale Univeisity 

1 Volhard Munchen, med Wchnschi , 1903, L, 2129 

2 Euld and Levison Biochem Ztschr , 1907, vi, 473 

3 Gross Berl klin Wclmschr , 1908, xlv, 643 

4 Solms Ztschr f klin Med, 1907, Kiv, 159 

5 Goodman Am Jour Med Sc , 1908, cxxxvi, 734 

6 Einhorn Berl klin Wclmschr, 1908, xlv, 1567, New Yoik Med Rec , 

1908, Ixxiv, 351 

7 Witte Berl klin Wclmschr , 1907, vliv, 1338 

8 Einhorn (Berl klin Wchnsehr, 1908, xlv, 1567, New York Med Rec, 1908, 
Ixxiv, 1338) uses a glass vacuum bottle instead of a thermostat for heating the 
tests The vacuum bottle contains twelve graduated pepsin tubes showing 
marks at 2 c c , 3 c c , and 3 5 c c By this means he dispenses with pipettes 
The whole apparatus is filled ivith watei having a temperature ,of 50 oi 60 C , well 
corked, and digestion allowed to continue for thirty minutes 



460 


TEE CLINICAL ESTIMATION OF PEPSIN 


In principle the process leally consists in obtaining a saline extract 
of the crude ‘‘'ricin/’ containing sufficient globulin to yield an incipient 
piotem precipitation on addition of very small quantities of acid This 
behavior is in no way specifically ehaiacteristic of the proteins ot the 
castor bean (Ricmus) The precipitation of most seed proteins by acid 
depends laigely on the piesence of inoiganie salts in their solutions “ 
The selection of the so-called ricin for the pepsin test is an unfortunate 
one The commercial product is not always readily available, although 
Jacoby has suggested a source of supply in Berlin The puichasable 
preparations are crude mixtures of varying and inconstant make-up, 
containing considerable insoluble denatured piotem (probably proteans) 
But the most serious objection lies in the extreme toxicity of castor bean 
products This is shown in the studies of Osboine, Mendel, and Harris^® 
with the purified protein riein isolated by them from Bianus seeds 
Tractions of a milligram of pure ricin will kill a rabbit, and the neces- 
sity for care in handling such a product has not been properly empha- 
sized 

Furthermore, true ricin is an albumin, as the lesearches mentioned 
have shown, and proteins of the globulin type are better adapted for the 
piepaiation of cloudy solutions Indeed, the Jacoby-Solms reaction with 
castor bean proteins should properly receive some designation other than 
the "ricin test ” 

A globulin prepaiation well adapted for the purpose of the Jacoby 
test can be made cheaply from the ordinary gaiden pea, Pmm sahvim, 
as follows The finely ground peas, freed as much as possible from the 
outer coating, are repeatedly extracted with large quantities of 10 pei 
cent sodium chlorid solution, the extracts combined, strained through 
fine bolting-cloth, and allowed to stand over night in large cylinders to 
deposit insoluble matter The supernatant fluid is siphoned off and 
saturated wath ammonium sulphate The piecipitate of albumins and 
globulins IS filtered ofC, suspended in a little water, and dialyzed in lun- 
ning water foi three days, until the salt has been removed, and the albu- 
mins have been dissolved The globulins aie filtered ofl and w'ashed two 
01 three times watli water to remove the last trace of albumins To 
purifj further, the precipitate is extracted wuth 10 per cent sodium 
chlorid solution, and filtered until perfectlj'^ clear The resulting solu- 
tion IS exactly neutralized to litmus paper by the cautious addition of 
dilute sodium hydroxid, and again dialyzed in running water for three 

9 Cf Osborne The Vegetable Proteins, 1909 

10 Osborne, Mendel, and Hairis Am Join Phvsiol , 1905, xiv, 
also B W McFailand Yale Med Joui , 1910, xn, 379 
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da 3 ’'s to remove tlie salts complete^ Tlie precipitated globulins are tlien 
filteied off, and dried on a water-bath at 40 C During the complete 
process of separation the proteins should be preserved with a mixtuic of 
alcoholic thymol and toluene The globulins so prepared dissolve prac- 
tically completely in 10 per cent sodium chloiid solution, and after 
slight acidification with hydrochloiic acid yield a turbid solution, which 
does not settle out on standing 

Since in the Jacoby-Solms method the stomach contents are not neu- 
tralized, the estimations are not made under like conditions of acidity 
It was thought advisable, therefore, to modify the method in this respect 
also, and to make all digestions in a solution whose total acidity is 0 2 
pel cent of hydiochloric acid By this means one determines not the 
digestive power of the gastric fiuid, but the relative amount of pepsin 
present The necessity of knowing whether or not the gastric ^uice in 
question is normal in respect to acid before diluting is also avoided 

METHOD 

The complete method as modified follows 0 25 gm globulin of the 
pea, prepared as described above, is dissolved m 100 c c of 10 per cent 
sodium chlond solution (by warming slightly if necessary) and filtered 
Portions of the clear filtrate of 1 c c each are introduced into a senes of 
eleven small test-tubes about 1 cm in diameter To each tube is added 1 
c c of 0 6 per cent hydrochloric acid, and about five minutes are allowed 
for the development of tlie turbidity A measured volume of the stom- 
ach contents is then exactly neutralized to litmus paper with dilute alkali 
If a precipitate of acid protein forms, this is filtered off, and the clear 
neutral solution is diluted a known number of times (usually five) with 
distilled water, allowance being made for the dilution of neutralization 
A portion of the diluted juice is boiled and filtered, and amounts decreas- 
ing by 0 1 c c added to the tubes of turbid protein to the first, 1 0 c c 
to the second, 0 9 c c , to the tliird, 0 8 c c , and so on to the eleventh, to 
which none is added The unboiled juice is then rapidly added in 
increasing amounts as follows to the first, none , to the second, 0 1 c c , 
to the third, 0 2 c c , to the fourth, 0 3 c c , to the fifth, 0 4 c c , to the 

11 Such a solution will keep perfectly well for two months if covered with a 
thin layer of toluene At the end of that time, acidification produces no more 
turbidity than when freshly prepared solutions are used This avoids the objec- 
tion raised against the Jacoby-Solms method by Farr and Goodman (The 
Aechives Int Med, 1908, i, 648) These authors, while in general considering 
the method favorably, point out that solutions of commercial ricin which have 
been prepared for some time are rendered so much more turbid by the addition of 
acid that fresh solutions must always be employed 
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Sixth, 0 5 c c , to the seventh, 0 6 e c , to the eighth, 0 7 c c , to the 
ninth, 0 8 c c , to the tenth, 0 9 c c , and to the eleventh, 1 0 c c Each 
of the tubes thus has a total volume of 3 0 e e , and a total acidity of 0 2 
pel cent of hydrochloric acid, as shown in the following scheme 


Tubes 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0 25 % globulin solution, c c 

10 

1 0 

1 0 

1 0 

1 0 

1 0 

10 

10 

10 

10 

10 

0 6% HCl, c c 

1 0 

10 

1 0 

10 

10 

1 0 

1 0 

10 

10 

1 0 

10 

Boiled gastric juice, c c 

10 

09 

0 8 

07 

06 

0 5 

04 

03 

02 

01 

0 

Unboiled gastric juice, c c 

0 

01 

02 

03 

04 

05 

0 6 

07 

08 

09 

10 

Total volume, d c 

3 0 

30 

3 0 

3 0 

30 

30 

3 0 

30 

30 

30 

30 

Total acidity, % HCl 

02 

02 

02 

02 

02 

02 

02 

02 

0 2 

02 

02 


The measurements of the solutions may be easily and accurately made 
vith a pipette of 1 c c capacity, graduated to 0 01 c e The tubes aie 
well shaken and allowed to stand in a thermostat or water-bath for fif- 
teen minutes at a temperature of 50 to 52 C Exactly the same end- 
point IS obtained by keeping the tubes at a tem 2 ieratuie of 35 or 36 C for 
one hour At the end of the digestion time that tube in the series is 
selected which contains the least amount of gastric juice and which 
exhibits no turbidity The peptic activity is calculated on the basis of 
the amount of gastric juice used in this tube The enzyme content is 
expressed by the number of cubic centimeters of the 0 25 per cent globu- 
lin solution that would be digested by 1 cubic centimeter of the undiluted 
gastric juice under examination, if the activity were exerted for a period 
of one hour at 35 or 36 C , or for fifteen mmutes at 50 or 52 C Eor 
example, if 0 5 c c of a gastric juice diluted five times clears up one cubic 
centimeter of the 0 25 per cent globulin solution in fifteen mmutes at 
the given temperature, the activity of the solution would be expressed 
Peptic activity = (1 — 05) X5 = 10 

Eor clinical purposes it suffices to use the scale of pepsin units heie 
proposed, which gives figures about one-tenth of those expressed on the 
Jacobjr-Solms scale Lately it has been found that six tubes ordinarily 
afford a range of trial which suffices for all diagnostic purposes 


Tubes 

0 25 % globulin solution, c c 
06 % HCl cc 
Boiled gastiic juice, cc 
Unboiled gastric juice, c c 
Total volume, c c 
Total aciditv, % HCl 


SCHEME OF SIX TUBES 


1 

2 

10 

1 0 

10 

10 

1 0 

09 

0 

0 1 

30 

30 

02 

0 2 


3 

4 

3 

6 

1 0 

1 0 

1 0 

10 

1 0 

10 

10 

1 0 

0 7 

05 

02 

0 

03 

05 

08 

1 0 

3 0 

30 

30 

30 

0 2 

02 

02 

02 
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In tlie above method the conditions aie constant in every tiial, in 
lespect to acidity, volume, protein content, and temperature One deter- 
mines the proteolytic activity of the gastric filtrate independently of the 
vaiiations in acidity Thus an additional variable of the original 
Jacoby-Solms pioceduie is eliminated Goodman® concludes fiom a 
limited number of observations that uniform acidity makes no difference 
m the final result Using the method heie proposed, I am unable to 
accept these conclusions Several senes of tests showed that, while varia- 
tions within the normal range of acidity produced no difference in the 
final results, large decreases, such as occur pathologically, have a marked 
influence on the rapidity with which the tuibid solutions are cleared 
The results of two typical senes of tests, one made with artificially pre- 
pared gastne juice, and the other with normal human gastric juice, are 
shown in Table 1 


TABLE 1— TESTS WITH HUMAN AND ARTIFICIAL GASTRIC JUICE 


Artificial < 

Gastric Juice 

Human ( 

lastilc Juice 

Acidity 

Pepsin Content 

Acidity 

Pepsin Content 

04 % HCl 


04 % HCl 

10 

02 % HCl 

14 

0 2 HCl 

10 

01 % HCl 

14 

01 % HCl 

10 

0 05 % HCl 

18 

0 05 % HCl 

15 


It Will be seen that the enzj^me content is expressed by much larger 
numbers when the total acidity is 0 05 per cent of hydrochloric acid 
than when it is 0 3 per cent This is not due to greater activity of the 
pepsin under such conditions, but to the decreased turbidity of the globu- 
lin solution, resulting from the decreased acidity Less enzymolysis is 
necessary for the dealing of the solution, since the cloudiness is so much 
less intense When the acidity is further decreased, the loss in peptic 
activity far overbalances the loss in turbidity, with the result that much 
smaller figures are obtained 

In the Jacoby-Solms method the total acidity in the tubes is fre- 
quently as low as 0 05 per cent of hydrochloric acid In many pathologi- 
cal conditions, such as pernicious anemia, gastric carcinoma, gastric dis- 
eases of children, etc , the acidity is practically or absolutely ml If 
the unmodified iicin method is employed in such cases, the acidity in the 
tests will be only that resulting from the addition of the 0 5 c c of tenth- 
normal hydrochloric acid, used to render the protein solutions turbid 
Errors in analysis will then probably occur Indeed, Witte'^ found, using 

12 See Willcox (Quait Jour Med , 1909, m, 93 106), foi a review of the liter- 
ature on acidity of the gastiic juice iii various diseases 
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the Jacoby procedure, that the enzyme activity was much reduced by 
neutralizing the samples of stomach contents before making the deter- 
minations Nirenstem and SchiS'^® and EothJ^ m studying the com- 
position of the gastric secretion under various conditions with the Mett 
method, also recognized the importance of the hydrochloric acid content 
on the enzvmatic activity They state that for comparable results aU 
estimations must be made under like conditions of acidity 

TABLE 2— RESULTS OF ANALYSIS MADE BY PROPOSED MODIFICATION 


Sample 

Diagnosis 

Peptic 

Activity 

Remarks 

1 

Normal 

10 


2 

Normal 

10 


3 

Normal 

10 


4 

Normal 

9 


5 

Normal 

11 


6 

Practically normal 

10 


7 

Practically normal 

10 


8 

Practically normal 

10 


9 

Practically normal 

10 


10 

Constipation 

9 

Acidity very low 

11 

Hypoacidity 

10 


12 

Nervous hypoacidity 

10 


13 

Nervous hypoacidity 

10 


14 

Hyperacidity 

12 


15 

Gastritis 

10 

No fiee hydiochloric acid 

16 

Neurasthenia 

10 

Veiy low acidity 

17 

Neurasthenia 

10 

No free hydrochloric acid 

18 

Gastric ulcer 

12 

Very high acidity 

19 

Ulcer of duodenum 

10 

High acidity 

20 

Gall stones 

3 


21 

♦Gastric carcinoma 

2 


22 

Gastric carcinoma 

1 

Young man, 26 vcais old 

23 

♦Gastric carcinoma 

Trace 

No free HCl Rennin negative 

24 

Gastric carcinoma 

Trace 


25 

♦Carcinoma of intestine 

3 

Young woman, 24 years old 

26 

Carcinoma of esophagus 

2 

free HCl 

27 

♦Cancer of the rectum 

10 


28 

♦Cancer of the breast 

2 

Total acidity, 42 No free I 


* Diagnosis verified by operation 


13 Nirenstein and Schiff Arch i Verdauungski , 1902, rin, 559 

14 Eoth Ztschr f klin Med , 1900, vsxiv, 1 
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In the tabnlai scheme (Table 3) the lesnlts ol analysis made by the 
pioposed modification are summarized The gastiic contents were with- 
drawn after an oidmary Ewald test meal^® 

It 'Will be noted that the ^^normaF^ peptic activity on the scale here 
pioposed is about 10, coiiespondmg with the figure 100 on the scale of 
Jacob} and Solms Ho attempt has been made to select cases illustrative 
of the incidence of peptic activity in various diseased states The char- 
acteristic low figures in carcmoma aie t 3 ^ically shown 

The possible presence of an antienzjrme should be taken into considera- 
tion in makmg an examination of the gastric secretion Oguro^® has 
shoun that blood-serum contains an antipepsin, which may be demon- 
strated by heating the neutralized gastric ^uice with the serum at body 
temperature It is advisable, therefore, before estimatmg the proteolytic 
activit}^, to make a test for blood in stomach contents containing little or 
no free hvdiochloric acid 

I visli to express my gratitude to Pi of Lafayette B Mendel, at whose sugges- 
tion and under whose guidance the study vas made, foi much helpful advice 


15 Most of the specimens vere furnished by Dr L M Gompeit?, instructor in 
gastroenteric diseases, who made the clinical diagnosis in each case 

16 Oguro Biochem Ztschi , 1909, xxii, 266-277 



S’UETHEE STUDIES OU THE IHEUUBHCB OE THE 
DUCTLESS CLAUDS ON THE PAUCEEAS ' 


RALPH PEMBERTON, MD, and J E SWEET, MD 

PHILADEIJ?HIA 


In some recent contributions^ we published the results of mvestiga- 
tion, extending over about two years, on pancreatic activity, winch led to 
the following, among other, conclusions 

The suprarenal and pituitary bodies of dogs contain something 
which, on injection into other dogs, inliibits the flow from the pancreas 
when excited by secretin This inhibitoiy substance can be extracted by 
salt solution and has been found as yet in no other tissue of the body 
Inhibition occurs whether the extracts be injected before, coincidently 
with, or after the injection of secretin, and we ventured the tentative 
view that it was mdependent of the general blood-pressure 

Our method of recording the flow from the pancreas is by means of a 
graduated cannula in the duct of Wirsung As the juice flows past the 
divisions on the cannula its motion is lecoided on the base line of a 
revolving drum supplied with a so-called endless roll of paper Coinci- 
dent tracings aie taken of blood-pressure, 'respiration, and time in seconds 
(Details of technic are given in the papeis cited in Uote 1 ) 

We have this yeai extended our observations and have found beyond 
question that the inhibition of the pancreatic flow seen after adrenalin, 
at least, is mdependent of the sj'stenuc use in blood-pressure Edmunds" 
has recently repeated some of our woik, has obtained the same general 
results, and ascribes the inhibition solely to the rise of pressure We 
have many recoids in which, after an inhibition injection of adre- 
nalin, the blood-pressuie has been made to fall by an exciting dose of 
secretin to below its noimal level, and yet no adequate i espouse has been 


'"'■Reported befoie the Association of Ameiican Physicians, Washington, D C, 
May 12, 1909 

* From the Woodward Fellowship of Physiological Chemistry, Pepper Labora- 
tary of Clinical Medicine, and the S Weir Mitcliell Laboratory of Physiology, m 

veisity of Pennsjlvania « a i 

1 Pemberton, Ralph, and Sweet, J E The Inhibition of Pancrea ic c 

by Eytiacts of Supraienal and Pituitary Bodies, The Akchiies I^T Med, 1908, 

1 , 628, and ii, 295 , -n 

2 Edmunds The Antagonism of the Adienal Gland Against the Pane , 

Joui Phaimacol Exper Tlieiap , 1909 i, 135 
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obtained, even following a second oi thud infection In other words, the 
inhibition may peisist a vaiiable time, though the systemic hlood-piessiire 
has fallen to normal oi considerably below In all such expeiimentation 
it is evident that a ceitam balance between the amounts of the two fac- 
tois must be found and maintained A very large amount of secretin, 
lelative to the amount of adienalm, may eompletel}’’ mask the inhibition 
exhibited by the lattei iindei the conditions of a balanced experiment 

Slaking use of dispropoitionate quantities, it is frequently possible to 
obtam, even with a model ate amount of secretm, an active panel eatic 
flow when the blood-pressure is raised to its maximum by adienalm 
(Fig 1) Also transfusion of the blood of a healthy dog modifies not at 
all the flow from the pancreas, even though the vaseulai system be 
engorged and the piessure made to rise by that means, as will be noted 
again later 

Furthermore, in using preparations of our own manufactuie and 
comparing them with a commeicial standard, we have noticed that solu- 
tions of suprarenal extiact which laise the geneial blood-piessure to 
identical heights may exeieise differing effects on the pancreas, suggestmg 
that theie is some factor at stake otliei than the use of blood-pressure 
Certam extraneous substances, as nicotin, may produce somewhat similar 
results, but the pomt of impoitance in this connection is’ that the body 
itself should contain agents of this nature The exact modus operandi 
and the variety of extraneous factois vliich can so operate are manifestly 
of importance secondaiy to establishing the fact that such an interglan- 
dular correlation of action exists We shall refer to this later 

As a further extension of our studies we investigated the question of 
whether the mhibition from adienalm and the pituitary extiacts also 
ocems when the pancreas is excited b}' means other than secretin We 
have yet to tiy m this connection the effects of the supiaienal and the 
pituitary extract aftei stimulation of the pancieas by gastric ch}me 
obtamed from a fistula m an otheiwise sound dog, but, whatevei the 
result of this may be, it is clear that these inhibitory agents exercise the 
same influence on the flow which follows the introduction into the duo- 
denum of hydrochloiic acid as on that following secretin (It is unnec- 
essary to repeat here the details of our technic m establishmg and meas- 
uring the flow of pancreatic juice and its inhibition They are essentially 
as given m our past contributions on this topic Under the conditions 
of stimulation by h} drochloric acid, the glandular activity is longer con- 

3 Sweet, J Edwin, and Pemberton, Ealpb Experimental Observations on 
Secietion with Special Eefeience to Diabetes and Malnutrition, The Akchives 
Int ]\Ied , 1908, 1, 231 
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tinned, slower to occur and less violent, but inliibition is appaientl} as 
marked as at other times Secretion from tins stimulus is, of couise, not 
accompanied by a fall of blood-pressure 

It IS also plain that the properties of adrenalin under discussion aie 
probably features of the laige molecule to which the blood-pressuie-iais- 
ing principle is ascribed This seems evident as the result of some work 
with a synthetic suprarenal extract, which is stated to be a chemical 
compound corresponding identically with the active features of adrenalin 
and having the same generally recognized piopeities Trom it we 
obtained the same results as those which followed the use of the ordinal y 
gland extract slowing of the pancreatic flow after excitation, togethei 
with inhibition when given before stimulation 

In the course of some experiments, as yet incomplete, connected with 
the transfusion of diabetic blood, we have transfused a pancreas wmch 
was removed, together with the intestines and portal vein, from a pie- 
viously sound dog A cannula uas placed as usual in the common duct, 
the eviscerated organs were placed in ivarm salt solution and anastomosis 
was established between the aorta and the portal vein just mentioned, on 
the one band, and the carotid and jugular, respectively, of another sound 
dog, on the other A cannula was also placed in the panel eatic duct of 
the sound dog An injection of secietm into the donor caused the pan- 
creas of each dog to respond distinctly 

Again, as referred to earlier, the carotid of one healtliy dog was 
united with the femoral of anothei dog whose panel eas was under 
observation and, while the gland was responding actively, though not vio- 
lently, blood was allowed to flow from the donor The manometer m the 
femoral artery of the recipient shoAved a rise in blood-pressuie and, aftei 
subsidence of the pancreatic activity, while blood was still flowing m, 
other injections of secretin Avere given and always Anth the same lesuhs 
The lesponse seemed to bear no relation to the rise of blood-pressure 
thus obtained On exsanguination of the donor the recipient was killed 
and its tissues found to be in the highest degiee hemoirhagic and every- 
where greatly congested notwithstanding this, the pancreatic juice had 
flowed freely until almost the end The actual rise in blood-pressuie 
was not so great as is generally seen after adrenalin, but was comparable 
to some instances in which we have had inhibition It therefoie becomes 
plain that, if inhibition be accredited to a rise in blood-pressure, the rise 
must be local at the pancreas, producing some manner of injury to the 
secreting structures, and must be quite independent of the general pres 
sme Some evidence opposes this hypothesis, namety, that a rise m 
blood-pressure is the sole agent, and only recently it has been shoAvn, oi 
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example^ that adrenalin actually antagonizes the inhibitory action of 
atiopin on the secretory glands of the skin and so fai fails to inhibit 
activity that the atropin administered can be detected in an increased 
secietion 

Aftei investigating some of the factois which may produce inhibition 
of pancreatic secretion, Edmunds consideis stimulation of the splanch- 
nics and says 

The lesult produced (by stimulation of the splanchnics) was a great increase 
in the blood-pi essure and inhibition of the secietion The changes were almost the 
same as those brought about by asphyxia in that the effect comes on more slowly 
than with the drugs, and is not neaily as complete, even when the blood-pressui e 
may be i aised to an equal extent In one instance there was very little retardation, 
but in eveiy other tiial, if the period of stimulation was continued moie than a 
minute, the rate of secietion was i educed from 25 to 50 per cent 

If the inhibition is due merely to change in the circulation, one point which is 
not quite clear is that, although the blood-pressure may be raised to the same 
height by chemical action or by neive stimulation, yet the inhibition which is pio- 
duced by adrenalin oi by nicotin is veiy much moie complete than that produced 
through asphyxia or electiieal stimulation The most reasonable explanation 
which suggests itself is that the two drugs may cause moie constriction of the 
vessels of the pancieas than does splanchnic stimulation and thus greater anemia 
results from their use 

Several points heie leqnire consideration In the hist place Edmunds 
lecoids with a tiacmg an instance of a great increase in blood-pressure 
with inliibition and says that the effect (inhibition) comes on moie 
slowly than with drugs and is not nearly so complete, even when the 
blood-pressure is raised to an equal extent This has been exactly our 
experience, that agents with similai power of laising blood-pressure do 
not necessarily exercise the same amount of inhibition, and such an 
observation strongly indicates that some other factors may be operating 

Indeed, Edmunds’ experiments have adduced by other means some 
of the very facts which we have advanced as evidence in some of our 
papers 

Furthermore, he records instances of inhibition which we have not 
felt were quite worthy of consideration as such When we have spoken 
of inhibition, we have meant a definite and unmistakable decrease, 
amounting almost or quite to cessation, about which there could not be 
the slightest doubt whatever Such cannot be said of instances in which 
^The rate of secretion was i educed from 25 to 50 per cent and his 
tracing^ advanced in support of this as an example of inhibition shows 
such a trifling decrease that there seems to be ground for question as to 
whether it exists at all Such a record is hardly comparable to the 
piompt, marked and vigorous inhibition caused by adrenalin or pituitary 


4 Tracing 4, on page 146 
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extract, not to mention the almost total lack of flow which occasionally 
succeeds this even after repeated injection of secietin, furtheimoie, the 
recorded inhibition was of a leisurely secretion compared with the active 
responses which we have discussed And then, again, to assume, as 
in the last paragraph, that “the two drags, adrenalin and nicotin, may 
cause more constriction of the vessels of the pancreas than does splanchnic 
stimulation and thus greater anemia results from their use,” merely 
advances another hypothesis and directs attention to the very phenomenon 
which we have elsewhere previously noted 

It IS desirable to emphasize, since the opposite contention has been 
imputed to us, that nowhere have we denied that mhibition of the pan- 
creas by adrenalin may be caused by a local change m blood-pressuie at 
that organ Our conclusions were that such inhibition was independent 
of the general blood-pressure, which we stiU maintain We are person- 
ally prepared to believe that the former may conceivably be the case, 
though this has not yet been shown Incidentally the action of adrenalin 
so varies on different structures, increasing skin secretion while it inhib- 
its salivary, for example, that no dependable analogy can be drawn from 
its action on an^ particular part It is manifestly unreasonable, as we 
elsewhere pointed out,® to compare the effect of a systemic injection of a 
small dose of adrenalin into the jugular, with the direct application of it 
to the surface of the gland, a comparison that has been made in consid- 
ering the pros and cons of the question 

In defense of the hypothesis of inhibition by blood-pressure alone it 
seems that we have but two alternatives, viz 

1 The theory that the injection of adrenalin so injures the tissue of 
the pancreas by the vasoconstriction that no glandular activity is possible 
(though it returns later), even when the system as a whole has plainly 
recovered 

2 The hypothesis that, although the general systemic blood-pressure 
has been made to fall to its minimum by exciting doses of secretin, 
nevertheless the blood-vessels of the pancreas are constricted to their 
utmost, and the local blood-pressure at the same time maintained at 
practically its maximum Either of these hypotheses alone fails to bung 
conviction fiom the data now at hand, and the latter is tantamount to 
assuming a specificity The nervous control of the blood-vessels which 
supply the pancreas is probably definite and delicate and susceptible to 
influence by a variety of factors The atmospheie is not well cleared 
however, by tlirowmg on this mechanism the discriminating burden o 
affecting differently the external secretion of the gland, according as one 


5 The Archhes Int Med, 1908, i, 628 
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01 anotliei agent is used to raise the blood-pressure, especially when each 
agent has apparently identical vasomotor efiects, and is followed by the 
same apparent rise of blood-piessure 

Agam, in Ins conclusions, Edmunds says ^^The action of adrenalin 
in inhibiting the panel eatic secretion cannot be considered in any sense as 
specific ” We have never asserted that it is absolutely specific, but there 
has been no evidence adduced, neveitheless, that it is not specific That 
nicotin should produce inhibition no moie concerns the question of spe- 
cifity than does tiauma by violence from without The healthy body 
does not contam nieotm and it does contain adrenals If it can be shown 
that extiacts of tissues other than the adrenals or the pituitary gland can 
produce such inliibitory results, then just doubt of specificity can arise, 
but not until then 

Even though inhibition be caused, foi argument’s sake, by vasocon- 
striction alone, the ‘^specificity” of this action is at present in no way 
less evident 

Edmunds himself finds that “the efficiency of the pancreas is prob- 
ably very closely connected with the blood-supply ” It is, therefore, hard 
to see how he can reject the possibility of some control over its activity 
by the adrenals, in view of the evident and conspicuous effect which they 
exercise experimentally and the important circulatory lole which they 
are Imown to fill in the economy Furthermore, constantly accumulating 
evidence, much too voluminous to quote here, indicates almost without 
question a very mtimate association of the two organs, and to view as 
accidental the phenomena under discussion is to turn away from the 
trend of evidence ° 

As mdicated earlier m this paper, we have had under considei ation 
for some time experiments bearing on certain possible relations of the 
pancreas to diabetes and, for the purpose to be mentioned presently, have 
produced experimental diabetes in a number of dogs by extirpation of 
the pancreas All of the dogs so treated were kept under observation in 
a metabolism cage, pending the development of those sjmiptoms of glyco- 
suria, acidosis, emaciation, and so on, which usually follow When the 
artificial diabetes was well pronounced the animals were killed and 
pieparations of secretin made from the upper four feet of the small intes- 
tine according to our usual technic A weighed amount of intestinal 
scrapings was treated with a definite amount of 0 4 per cent hydrochloric 

6 Since tins article was ivntten, a biief note, without details, has appeared 
(Science, 1909, xxxi, 237), stating that the inhibition of pancreatic activity is 
due to a vasoconstriction which may peisist in the pancreas longer than does 
the general vasoconstriction elsewhere If this be true, it would seem to substan- 
tiate the idea of the specificity of action of the adrenals and the pituitary gland 
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acid and, at the same time, a control prepaiation made from a normal ani- 
mal ]ust killed The sci apings made fiom the noimal animal were also 
weighed and tieated with a piopoitionate amount of hydrochloiie acid, 
so that the lesulting solutions weie of the same strength, weight foi 
weight ISlow a dog which has been lendered diabetic extiipation of 
its panel eas beais no compaiison pli3sically, a week aftei the opeiation, 
to a sound dog of the same lelative size The formei becomes gieatly 
emaciated as a lesnlt of its diabetic piocesses, whethei oi not its appetite 
be good, the oigaus aie the seat of seeondar} disease, as, ioi example, 
fatty degeneration of the liver . and all the fat disappears m those cases 
in which the typical picture supervenes The mesentery especially is lack- 
ing m its usual fat content, so that on stiipping the entire bowel of its 
mesentery prepaiatoiy to scraping the mucosa it comes away cleanly and 
easily in eontiast to that of a noinial animal On opening the intestine 
the mucosa is found surpiisingly abundant and seems at times to be 
greater in amount, not only relatively but also actuall}^, than that seen 
in the noimal intestine In such an animal we had in mind a loweied 
content or efficiency ot prosecietm in the mtestme, because of the con- 
ceivable prepondeiance of some supiarenal factor m the absence of the 
pancreas Contrary, howevei, to what might be expected, the mucosa is 
abundant and it is easy to piepaie secretin from it The inteiestmg 
feature in connection with such a preparation is that a solution so made 
up has stimulating poweis fully equal to those fiom the intestine of a 
healthy dog, and, indeed, there is sometimes reason to believe that the 
lattei aie exceeded Our responses fiom the pancreas aftei injection of 5 
or 10 ce of these solutions always showed an output of pancreatic jmee 
as the result of the "diabetic’"’ seeietin, quite as piouipt to begm, quite 
as violent in action, and quite as long continued as those following the 
normal solutions Indeed, as mentioned above, they sometimes consider- 
ablv suipassed the contiols 

From this we must conclude that, wheieas, wuth the dog lendcied 
diabetic bj^ extirpation of its pancreas, the organism as a whole vastes 
visibly and there occui gieat loss of nitrogen, piofound w'eakness and 
marked degeneiative changes in the organs, neveitheless the intestmal 
mucosa remains appaientlj unaffected, "prosecietm” is as abundant as 
in health, and it w ould seem as though m the absence of the pancreas to 
utilize and destroy the secietin formed for its stimulation, a residue of 
the latter remained unused, perhaps in quantities gieatei than noimal 
We have made as j^et no studies in this connection, on dogs the subject of 
other disease, although in a pievious paper® we pointed out that simple 
fasting for ffve daj^s produced no diminution in the pioseeretin of dogs 
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It might be pertinent to mention, however, that we have found a diffi- 
cult}^ in obtaining secietin fiom the intestines of human beings the seat 
of vaiions conditions and, if we can reason by analogy, we have in this 
abundance of mucosa found in dogs jirofoundly and fatally ill as are 
those the subject oi our remarks, a departure fiom the customary state 
of affairs in at least some wasting diseases 

One of the most interesting topics with which we have been concerned 
this yeai, however, is the relation of the thyioid and the parathyroids to 
the panel eas and to some of the influences to which the latter is subject 
A number of relations have been reported in this connection Marmesco 
and Parhan have found a diminution of the lipochrome in the zona fasei- 
culata of the suprarenals in dogs dead from tetany, the result of thyroid- 
ectomy Pick and Pineles assert that extirpation of the thyroid hinders 
the appearance in young goats of adrenalin glycosuria, which can be 
easily caused in animals not operated on, though the diuresis and blood- 
pressme rise from adrenalin aie not influenced in such goats oi haies 
E Hirscli has shown that after complete thyroidectomy the assimilation 
limit foi dextrose given by mouth is significantly decreased, and he has 
also pointed out, with others, that the thyroids and parathjroids differ 
in their influence on carbohydrate metabolism Eppinger, Falta, and 
Eudinger a'^sert that in thjToidectomized dogs adrenalin causes less glyco- 
suria than it does under ordinary conditions, but after removal of both 
the thyioid and parathyroids adrenalin causes glycosuria as usual 
Eecently, however, IJndeihill and Hilditch® have gone over the work of 
Eppinger, Ealta and Eudinger and reach opposite conclusions They 
advance evidence to show that, with at least two parathyioids intact, the 
removal of the thyroids and remaining parathyroids does not alter the 
susceptibilit}" of the animal to adrenalin glycosuria It has also been 
indicated by their work and that of others that removal of both thyroids 
and parathyroids does lower the body capacity for assimilating sugar 
The statement of Eppinger, Falta and Eudinger, that adrenalin behaves 
as usual toward dogs the subject of thyieoparathyroidectomy carries less 
weight in view of the opposite findings of Underhill and Hilditch in 
regard to the behavior of adrenalin toward thyroidectomized dogs A 
not insignificant part of these conflicting data on this subject has 
appeared since we began the investigation presently to be desciibed If, 
therefore, there be some relation between the thyroids, parathjioids and 
pancreas, whereby the removal of the influence of the two former pre- 
vents or decreases the usual assimilation of sugar, and if, as we have 
elsewhere shown, there is a marked inhibition of the external pancreatic 

6 Undeihill and Hilditcli Am Jour Physiol, \x\, 6G 
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TP. AGING (SEE FIG 1), MADE APRIE 27, 1909, SHOWING RELATIVELY SLIGHT 
inhibition with DISPROPORTIONATELY HIGH RISE IN BLOOD 
PRESSURE IN NORMAL DOG 

Interval Since 

Last Injection Blood Piessuie 


Mm 

Sec 

Dosage c c 

Mm 

Mm 

Response 



5 Secretin 

75 

46 

Slight 

o 

30 

10 Secretin 

75 

38 

Very good 

4 

50 

5 Secretin 

80 

55 

Good 

1 

30 

10 Adrenalin 

75 

95 

Very slight inhibition 

8 

10 

5 Secretin 

75 

45 

Very slight 

4 


5 Secretin 

75 

45 

Very slight 

3 


10 Secretin 

74 

23 

Slight 

2 

10 

10 Adrenalin 

50 

107 

Inhibition 

4 

20 

10 Secretin 

42 

23 

Slight 

3 

50 

5 Adrenalin 

40 

50 

No inhibition 

4 

25 

10 Secretin 

58 

26 

Slight 

1 

50 

10 Adrenalin 

34 

34 

No inhibition 

1 

20 

10 Adrenalin 

42 

80 

Inhibition 

16 

20 

10 Secretin 

60 

30 

Good 

1 

45 

5 Adrenalin 

30 

120 

Slight inhibition 

5 

45 

10 Secretin 

85 

40 

Very Slight 

10 

55 

10 Secretin 

30 

1C 

Slight 


TRACING (SEE FIG 2), MADE APRIL 27, 1909 SHOVING INHIBITION WITH 
DISPROPORTIONATELY SLIGHT RISE OF BLOOD PRESSURE 

Intel val Since 


Last 

Injection 


Blood Pressure 


Min 

Sec 

Dosage c c 

Mm 

Mm 

Response 



5 Secretin 

72 

42 

Very good 

5 

30 

5 Secretin 

68 

30 

Very good 


55 

5 Adrenalin 

50 

142 

Inhibition 

5 


5 becietin 

72 

55 

None 

4 

20 

5 Secretin 

63 

44 

Very slight 

5 

55 

5 Secretin 

43 

20 

Slight 

8 


5 Secretin 

50 

35 

Good 

4 

10 

5 Adrenalin 

48 

52 

Inhibition 
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TRACING (SEE FIG 3), MADE MARCH 7, 1909, SHOWING VERY GOOD INITIAL 
RESPONSE TO SECRETIN IN DOG WITH MARKED TETANY 


Interval Since 
Last Injection 


Blood-Piessuie 


Min 

Sec 

Dosage c c 

Mm 


Mm 

Response 



6 Secietin 

50 


20 

Very good 

12 

40 

5 Secietin 

34 


23 

Very good 

1 

15 

5 Adienalin 

40 


90 

Inhibition 

G 


5 Secretin 

8S 


75 

Slight 

13 

45 

5 Secietin 

58 


23 

Very good 

1 

40 

5 Adienalin 

45 


92 

Inhibition 

7 


5 Secietin 

85 


60 

Good 

11 

30 

5 Secretin 

50 


28 

Very good 

1 

50 

5 Adienalin 

40 


80 

Inhibition 

14 


5 Secretin 

60 


33 

Very slight 

13 

30 

5 Secretin 

40 


22 

Very good 

10 


5 Secietin 

45 


20 

Very good 

1 

55 

5 Adrenalin 

40 


72 

Inhibition 

6 

50 

5 Secretin 

75 


55 

Slight 

14 

30 

5 Secretin 

40 


26 

Good 

TRACING 

(SEE 

FIG 6), MADE JAN 

22, 

1909, 

SHOWING FAILURE OP HIGH 


BLOOD-PRESSURE, FOLLOWING 

ADRENALIN, 

TO INHIBIT 



FLOW IN 

NORMAL 

DOG 


Interval Since 
Last Injection 


Blood Pressuie 


Mm 

Sec 

Dosage c c 

Mm 


Mm 

Response 



10 Secietin 

50 


18 

Very good 

1 

20 

10 Adienalin 

50 


110 

No inhibition 

5 

20 

10 Adrenalin 

52 


65 

Followed at once bv 
the nest injection 


50 

10 Secietin 

90 


45 

Veiy good 

9 

25 

10 Secietin 

52 


16 

Very good 


40 

3 Adienalin 

22 


123 

Inhibition 

3 

50 

10 Secietin 

100 


30 

^ Good 

5 

40 

3 Adrenalin 

40 


102 

Inhibition 

1 

40 

10 Secretin 

85 


75 

None 


secretion by adienalin, it becomes peitment and interesting to inquire 
wliethei, under similar circumstances of thyioidectomy and paratliyioid- 
ectom}q adrenalin still exercises its customaiy influence on tlie external 
activity of tlie pancreas 

To tins eud, tlierefoie, we experimented on a total number of thirty- 
six dogs, lemoving fiom all of them the th5ioids and parathyroids A 
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certain proportion of these dogs failed to develop tetany, as has been the 
experience of all operators, and of those which did develop it a certain 
number died shoitly after beginning anesthetization 

Our aim was to use for investigation those dogs which showed the 
first signs of developing tetany, as indicating thereby that the thyroid 
and the paiathyioids had both been removed But it was often impossi- 
ble to operate at the time of election, as many of our animals when used 
were more advanced in the disease and represented, in fact, all stages of 
its progress, even that prior to the onset of evident muscular weakness 
Wheie the dogs seemed as yet perfectly well after the operation, several 
Avere taken, on the principle that even in the absence of proof that all 
the parath3TOids had been removed it was safe to assume that tivo out of 
three dogs so treated — ^the usual proportion — would develop tetany later 
and were at this time, eonsequentl)^ the subject of some disturbance 
following the thyroidectomy and parathyroidectomy 

When, therefore, we iveie satisfied, as above, that the thyroid and 
parathyroids liad been entirely removed, a cannula was placed m the 
duet, and the usual tracings were established to record blood-pressure 
and respiration 

Secretin in varying amounts was then given intravenously and 
attempts weie made to inhibit by adrenalin the pancreatic flow thus 
caused In the light of some of the work lepoited by others ive looked 
for some lowered inhibition from it, but none appeared In a long senes 
of dogs we could not convince ourselves that, in the absence of the thyroid 
and parathyroids, stimulation of the pancreas by secretin was any moie 
active than in health or that inhibition from adrenalin was one whit less 
marked or less definite In short, the pancreas responded to stimulation 
as it does normally, and the relation of adrenalin toward the external 
secretion of the pancreas seemed about as in health It will be observed 
that the attempt was made in all oui dogs to remove both tlmoids and 
parathyroids and that some of the animals were subsequently subjected 
to investigation before the appearance of tetany, as before mentioned 
It therefore seems probable that urn have also included in our series cases 
where inadvertently the thjwoids alone were removed, that is, vhere 
enough parathyroid tissue still remained to mamtain health One such 
dog IS alive and well at present writing, six months after the operation 
This bemg so, it seems that we might also state that adienalin behaves 
toward the pancreas after thyioideetomy alone as it does in health, u , a^ 
we have made no sj'stematic elfoits toward that end, such a cone luio 
can hardly be postulated, however likely 
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We have been engaged on some other problems along these same gen- 
eral lines of inter glandular coi relation which have led to suggestive and 
mteresting results We reported these in part when we first read this 
paper, but, as we are now concerned with their further amplification, it 
seems best to incorporate these fuller observations in a separate contribu- 
tion which we hope to make in the near future 

CONCLUSIONS 

1 The inhibition of pancreatic activity by adienalin and pituitary 
extract is independent of the systemic blood-pressure, as shown by its per- 
sistence when the blood-pressure is much below normal and by other 
evidence 

2 The inhibition by extracts of pituitary and suprarenal bodies also 
occurs when the pancreas is stimulated by its normal excitant, hydro- 
chloric acid, in the duodenum. 

3 In dogs rendered diabetic by extirpation of the pancreas, the 
mucosa of the duodenum remams abundant, in stiiking contrast to the 
emaciation of the other tissues, and acid extracts of the mucosa are as 
active as, if not more so than, those from normal animals 

4 Studies of the activity of pancreatic secretion (when excited by 
secretm) and of the inhibition of pancreatic fiow by adrenalin m thyreo- 
parathyroidectomized dogs have indicated no clear departuie from the 
normal in this regard This is probably also true of dogs the subject 
thyroidectomy alone 

The accompanying records are illustrative of the conditions described 
in the text Corresponding to each record is a legend of the same date 
and number , the abbreviated history of the case from which the sections 
are taken for reproduction The abbreviations are almost self-explana- 
tory, the first column indicates the interval elapsing since the last injec- 
tion, the second column indicates the nature and amount of injection, 
the third and fourth columns mdicate the blood-pressure immediately 
before the injection and a short time after it, the last column denotes 
the nature or failure of response The blood-pressure as here recorded 
does not always represent the true blood-pressure, as unfortunately we 
did not set the base line at zero in our earlier experiments, but it is prob- 
ably fairly near the truth and is at all events mvariably constant for any 
one experiment 

In conclusion we wish to express to Dr Edward T Eeichert our appreciation 
of his kindness and of the facilities he has placed at our command 

We wish also to acknowledge a very real obligation to Dr David L Edsall for 
his constant interest in the work and the uniform readiness with assistance and 
advice, which have encouraged us to pursue this investigation 

1947 Locust Street — 301 St Marks Square 



THE BLOOD-PRESSHEE IN EPIDEMIC CEREBROSPINAL 

MENINGITIS 


G CANBY KOBINSON, MD 

PHILADELPHIA 

Increased intracranial pressure is a phenomenon which is considered 
to he nearly always associated with acute inflammation of the cerebro- 
spinal meninges This phenomenon is caused by the calling mto the rigid 
bony-walled space within the skull and vertebral column of large amounts 
of inflammatory exudate, while the absorption is, according to Krehl,^ at 
the same time probably decreased This heightened pressure has been 
regarded generally as one of the most potent factors in causing the symp- 
toms of acute meningitis, and relief has been sought through lowering the 
pressure by withdrawing the cerebrospinal fluid b> means of lumbar 
puncture 

On account of the intimate relation that has been shown by Cushmg" 
and others to exist between intracranial and blood-pressures, it was 
thought that a series of observations on the blood-pressure m cases of 
epidemic cerebrospmal meningitis would prove of mterest, especially 
when the effect of withdrawal of the cerebrospinal fluid was considered 
Cushing’s experiments showed that when the intracranial tension was 
raised by means of salt solution forced into the subdural space of the 
cranium and vertebral column the blood-pressure rose, and he reached the 
conclusion that an increase of intracranial tension occasions a rise of 
blood-pressure which tends to find a level slightly above that of the pres- 
sure exerted agamst the medulla His experiments have been recently 
fuUy confirmed by Eyster, Burrows and Essick ® 

During the present study an attempt has been made to answer the 
following questions If a heightened intracranial tension exists is it suffi- 
cient to cause a rise of blood-pressure? If a heightened blood-pressure 
exists does the withdrawal of the cerebrospmal fluid cause a fall of blood- 
pressure by lowering the intracranial tension ? 

1 Krehl Pathologische Physiologic, Leipsic, 1907, Ed 5, p 556 

2 Cushing Concerning a Definite Regulatory Mechanism of 

Center Which Controls Blood-Pressure During Cerebral Compression, Bull Jonns 

Hopkins Hosp , 1901, xii, 290 r- or 

3 Eyster, Burrows and Essick Studies in Intracranial Pressure, Jour Bvper 

Med , 1909, xi, 489 
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Aside from the bearmg -which blood-pressure observations may have 
on these questions, it seems desirable to report the follo-wmg study, 
because, according to Jane-way,^ no clmical observations on blood-pressuie 
m connection with inflammatory lesions of the central nervous system 
have been published 

Observations were made m 26 cases of epidemic cerebrospinal menin- 
gitis which occurred in the wards of the Pennsylvania Hospital Prom 
these 336 blood-pressure estimations were made and charted The effect 
on the blood-pressure of withdrawal of the cerebrospinal fluid by lumbar 
puncture was studied 39 times m these cases and 7 times in other condi- 
tions The blood-pressure was estimated as a routme daily, except when 
lumbar puncture was performed, when it was taken directly before and 
after the procedure and agam a few hours later The Stanton instru- 
ment with a 10 cm arm-band was used, and only the systolic pressure 
determined, the method of palpation being employed 

The first question to be consideied is whether in these cases of menin- 
gitis there was evidence of heightened cerebrospinal pressure The ten- 
sion of the cerebrospinal fluid as measured by a manometer after lumbar 
puncture is the most direct method of answering this question This 
procedure was done 16 times with the following result 


Above 500 mm 

3 times 

400-500 mm 

5 times 

300-400 mm 

4 times 

200 300 mm 

2 times 

150-200 mm 

2 times 


In one case, that of a child of 10 years, the fluid rose to height of 710 
mm Of the two cases in which it rose not above 200 mm one was that 
of a child of 10 years, the fluid from whom lose 180 mm in the manome- 
ter, while from the other patient, aged 24, it rose 160 mm formally 
the spinal fluid rises to a height of about 120 mm in a manometer above 
the pomt of puncture in adults, but the noimal level, of course, varies 
considerably Oppenheim'^ considers a rise of above 150 mm as abnor- 
mal, while Seifert and Muller® place 200 mm as the upper normal limit 
Comparing these figures with the ones obtained in our cases, it is seen 
that as far as the question has been mvestigated a heightened intracranial 
pressure was almost constantly present 

4 Janeway The Clinical Study of Blood-Pressure, New York, 1904, p 253 

5 Oppenheim Diseases of the Nervous System, Philadelphia, 1904, Second 
American Edition 

6 Seifert and Muller Taschenbuch der medicinisch-klinischen Diagnostik, 
Wiesbaden, 1909, Ed 13, p 170 
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An analysis of the blood-pressure cuives in the 26 cases of meningitis 
fails to show any constant relation to the heightened mtracranial pres- 
sure The accompanying table gives the highest and lowest systolic pies- 
sure observed in each case, the findings in the 13 patients who were over 
14 years of age are given first and the children in the second pait of the 
table 


HIGHEST AND LOWEST SYSTOLIC PRESSURE (MM Hg) IN 26 CASES OP 

MENINGITIS 




High- 

Day 

Low- 

adults 



est 

pi 

est 





Pres- 

Dis- 

Pi es- 



No 

Age 

suie 

ease 

sure 

Result 

Remarks 

1 

31 

158 

11 

155 

Death 

Moribund while m hospital 

2 

45 

153 

20 

108 

Recovery 

High pressure late in disease 

3 

18 

148 

4 

103 

Recovery 

High at onset Low during convalescence 

4 

44 

145 

3 

70 

Death 

Terminal fall of pressure 

5 

24 

130 

9 

95 

Death 

High pressure when under ethyl chlorid general 







anesthesia 

6 

42 

125 

2 

100 

Recovery 

Low during convalescence 

7 

31 

125 

2 

76 

Death 

Teimmal fall of pressiue 

S 

38 

120 

8 

90 

Death 

Teinunal fall of pressure 

9 

16 

120 

4 

75 

Death 

Terminal fall Patient moribund while in hos 







pital 

10 

36 

115 

3 

75 

Death 

Moribund while in hospital 

11 

56 

110 

6 

100 

Death 

Moribund while in hospital 

12 

16 

110 

4 

108 

Recovery 

Only two observations made 

13 

66 

105 

1 

80 

Death 

Moribund while in hospital 







childken 

1 

10 

135 

45 

95 

Death 

Typical rise late in the disease 

2 

12 

125 

6 

90 

Recovery 

Highest at onset and irregular during con- 







valescence 

3 

8 

125 

34 

82 

Death 

Rise of pressure accompanying exacerbation 







symptoms 

4 

12 

118 

23 

85 

Recovery 

Rise accompanying exacerbation subnormal 







during convalescence 

5 

13 

118 

4 

90 

Death 

High at onset and just befoic terminal drop 

C 

G 

115 

18 

95 

Recovery 

Highest aftei recovery 

7 

8 

112 

5 

90 

Recovery 

Slight even elevation 

8 

6 

110 

3, 21 

SO 

Recovery 

Low when worse, irregular without relation to 







symptoms 

9 

6 

110 

15 

80 

Recovery 

High when worse, irregular with striking rela- 







tion to symptoms 

10 

9 

108 

6 

80 

Recovery 

No great variations 

11 

12 

107 

21 

70 

Recovery 

High when worse, subnormal during convales 

12 

6 

95 

6, 21 

78 

Death 

C6DC6 

Highest early and again just before terminal 






drop 

13 

8 

92 

11 

72 

Recovery 

Even low pressure 
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In the table it is seen that m 4 adults the blood-pressure rose to a 
height of 145 mm Hg or higher, and that in 6 children of between 6 and 
13 years it rose to 115 mm Hg or higher While it is, of course, difficult 
to saj^ what the normal blood-pressure in each individual is, there is at 
tunes certamly an increased blood-pressure in meningitis, a fact which 
seems somewhat noteworthy when compared to that found in other mfec- 
tious diseases The question has been discussed quite thoroughly by Wei- 
gert,"^ both from his own work and from an extensive review of that of 
others, he concludes that in infectious diseases there is a lowered blood- 
pressure except in the eruptive stages of the exanthemata and perhaps in 
the early stages of other mfectious diseases, such as typhoid fever, diph- 
theria and pneumonia Weigert emphasizes the fact that it is difficult to 
determine the correct normal and to rule out psychic influences 
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^ ety 111 Improved Gwidual but distinct Improvement DtoTrgy Syaptoms much vrorse Stupor Comatose J>eath 

of BJTQptOtnB 


Chart 1 — Case 5 of children’s division of table, showing early heightened and 
late rise of blood-pressure 

Strikmg features of the blood-pressure curves are their lack of uni- 
formity to one anothei, and the great irregularity of the individual 
curves The highest blood-pressures were encountered in two stages of the 
disease , early with the severe symptoms of onset, and later with the pre- 
terminal symptoms, before the final failure of the circulation appealed. 
In some very severe eases in which the patients lived but a few days after 
the onset, the early severe symptoms represent the preterminal stage, and 
then it IS possible that no blood-pressure records were taken before the 
failure of circulation had set in This may be tbe cause of the low pres- 
sures observed in Cases 9, 10, 11 and 13 m the adult division of the table 
The marked irregularity of the individual curves is mdicated by tbe wide 
range between the highest and the lovest systolic pressures observed in 
many of the cases A case showmg both the early heightened blood-pres- 
snre and preterminal rise is seen m Chart 1 

7 Weigert Ueher das Verhalten des artenellen Blutdrucks bei den akuten 
Infektionskranheiten, Samml Klin Voitr, 1907, xvi, 65 


486 BLOOD-PBESSVRE IE EPIDEMIC MEEIECITIS 

There seemed to be in many of the cases a lelationship between the 
severity of the symptoms and the blood-pressure, the pressure rismg when 
the symptoms, such as fever, headache, delirium, rigidity of the neck and 
ocular disturbances increased This relation is seen in Chart 3, m which 
the high blood-pressure was always obtained when the patient was very 
ill, while distinct improvement was noted on those days when the lower 
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Chart 2 — Systolic blood-pressure, Case 3 of adult division of table, showing 
relation of blood-pressure to severity of symptoms 


blood-pressure was found In another case in which the patient had a 
senes of alternating good and bad days, the variations in the temperature 
being especially striking, the blood-pressure chart and temperature chart 
resembled each other veiy closely This relation to symptoms was also 
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Chart 3 — Systolic blood-pressure , Case 2 of adult division of table, showing 
exacerbation of symptoms late in the disease, with rise of blood-piessure 


seen very plainly in those cases m which the patient became distinctly 
worse after a period of comparative freedom from symptoms Wliat might 
be almost termed a relapse occurred in five of the cases, and in all an 
accompanying rise in blood-pressure of from 15 to 35 mm Hg occurre 


Tins occuirence is illustrated in Chart 3 
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Altliough. it must be borne in mmd that the changes in blood piessure 
m epidemic cerebrospinal meningitis are not great, there is a distinct ten- 
denci'' towaid a heightened blood-pressure durmg the early acute stage and 
again later in the disease This tendency is made more striking when the 
behavior in other infectious diseases is considered 

In' endeavormg to determine whether this tendency toward a height- 
ened blood-pressure bears any relation to the increased intracranial ten- 
sion, the question must be considered whether the withdrawal of the 
cerebrospinal fluid lowers the blood-pressure In the series of 39 lumbar 
punctures in meningitis cases, by which from 0 to 55 c c of fluid (with 
an average of 32 c c ) were withdrawn, the efiect was not constant An 
average reduction of 10 mm Hg blood-pressure took place in 23 cases, an 
average rise of 7 mm. in 11 cases, and 5 cases showed no change imme- 
diately after the lumbar puncture In 9 cases ethyl chlorid was given as 
a general anesthetic during the operation, but this seemed to play no role 
in changing the blood-pressure In 6 cases the blood-pressure after lum- 
bar puncture was lower than before by 20 mm Hg or more, while in 8 
cases it was higher than before the procedure by 5 mm Hg or more The 
amount of fluid withdrawn averaged 23 c c in those cases showing a fall 
of blood-pressure, while in those cases showmg a rise of blood-pressure the 
withdrawn fluid averaged 37 c c There is no apparent relation between 
the day of disease on which the lumbar puncture was done and the result 
on the blood-pressure, nor does the state of the blood-pressure before the 
procedure or the initial tension of the spinal fluid seem to determine 
whether the withdrawal of fluid will cause a rise or fall It is noticed, 
however, that all patients showing a rise of blood-pressure synchronous 
with the lumbar puncture are cliildren from 6 to 13 years old In 6 cases 
in which fall of blood-pressure occurred immediately, a secondary rise 
occurred in twenty-four hours, which caused the blood-pressure to exceed 
its initial level 

It IS seen that the blood-pressure is frequently lower after lumbar 
puncture than before it, but that this is not a constant phenomenon, and 
bears no apparent relation to the amount of fluid withdrawn, to whether 
the fluid IS withdrawn early or late m the disease, to the initial blood- 
pressure, or to the mitral intracranial tension It was only m children 
that a distinct rise of blood-pressure occurred synchronously with the 
lumbar puncture Frequently large amounts of cerebrospmal fluid were 
withdrawn without causing any appreciable effect on the apparently 
heightened blood-pressure From these facts the conclusion seems ]usti- 
fied that heightened blood-pressure which is frequently seen in epidemic 
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cerebrospinal meningitis is probably not usually due, at least directly, 
to the increased mtracranial tension 

That too much emphasis should not, however, be put on the effect of 
lumbar puncture in reaching the foregoing conclusion is seen when two 
cases of cerebral hemorrhage m which lumbar puncture was done are 
considered In both cases there was an initial spinal fluid pressure of 
250 mm of fluid The withdrawal of 25 cc in one was accompanied by 
a rise of 20 mm Hg above the mitial blood-pressure of 210 mm Hg, 
while 30 c c of spinal fluid withdraivn from the second patient was 
accompanied by a fall of 18 mm Hg from the initial pressure of 160 
mm In both these cases the increased intracranial tension was probably 
the cause of the heightened blood-pressure, and yet the withdrawal of 
the cerebrospmal fluid did not affect the blood-pressure constantly 

The other cases, not epidemic meningitis, in which blood-pressure rec- 
ords weie made before and after lumbar puncture, were 3 cases of tuber- 
culous meningitis and one of probable cerebral concussion In all the 
blood-pressure was low and m none was it appreciably affected by the 
withdrawal of from 5 to 65 c c of spinal fluid 

Eegarded from another point of view, that of the amount of increase 
of the intracranial tension m menmgitis, it seems lilcely that the height- 
ened blood-pressure when present is due to some other cause than that 
already discussed Cushing found tha!; the systemic blood-pressure was 
not materially affected until the pressure on the vasomotor centers of the 
meduUa approached the level of the cerebral blood-pressure, which, he 
showed, IS for the dog about 150 mm Hg If such a pressure existed in 
the subdural space in man, the cerebrospinal fluid should rise very much 
higher than it usually did in the manometer attached to the lumbar 
puncture needle In a case reported by Cushing,® in which there was no 
elevation of the blood-pressure, a blood-clot of 100 c c was removed at 
operation Here the intracranial pressure was very piobably raised to a 
point above that which occurs in most cases of meningitis 

Trom a consideration of these facts and from the analysis of the 
blood-pressure findings in the cases of meningitis here presented, no con- 
clusive evidence is obtained which would justify the assumption that the 
heightened blood-pressure of menmgitis is due to the existing increased 
mtracranial pressure 

When other causes are looked for, a number of factors must be con- 
sidered Muscular movements which accompany delirium may have 

8 Cushing The Blood-Pressure Eelation of Acute Cerebral Compression, 
Illustrated by Cases of Cerebral Hemorrhage Am Jour Med Sc , > > 

June 
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played a rQle in some cases The elevation of the blood-pressnre may 
mean that the circulation is endeavoring to meet the extra demands made 
on it by the fever There may have been a reflex stimulation of the blood- 
pressure-raismg mechanism of the body by irritation of the central nerv- 
ous system, or less directly through pain In a personal communication 
Dr Theodore J aneway has expressed his opinion that this rise of blood- 
pressure early in tlie disease is probably one more of the irritative 
phenomena, analogous to the slow vagus pulse which often exists, the 
photophobia, auditory hyperesthesia, delirium, etc He believes also that 
reflex peripheral sensory stimulation, especially on the post-spinal nerve 
roots, must be considered as a possible cause of the rise What the causes 
of the blood-pressure changes in meningitis are it is difficult to say, but it 
IS certain that the blood-pressure seems to be nearly always well main- 
tained or heightened as long as the patient remains severely ill, showing 
that there is no marked relaxation of the vasomotor system Moreover, 
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Typical Chronic Caeo definite change Worse apparent change Better 


Chart 4 — Systolic blood-pressuie, Case 1 of children’s division of table, show- 
ing marked rise late in disease 

the heart muscle, as a rule, does not become so weakened that it is unable 
to mamtain the pressure until the terminal stage It seems likely that 
irritation of the central nervous system plays an important part in the 
abnormal rise of blood-pressure Except in the termmal stage when circu- 
latory failure was present, the lowest blood-pressure is seen during con- 
valescence, here, as in other acute infections, it is not mfrequently 
subnormal 

As a possible explanation of the high blood-pressure occurring late in 
menmgitis, especially when the disease appears to take on a chrome phase, 
the occurrence of mternal hydrocephalus or pyohydrocephalus must be 
considered Such an occurrence may have been the cause of the rise seen 
m Chart 4, which occurred in a typical chronic case on the foitieth day 
of disease Cushing mentions such a condition as a cause of heightened 
mtracranial tension, and asserts that he has relieved the s3’’mptoms and 
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the congestion of the eyegrounds m a case of pnenmocoecus menmgitis 
by tapping the ventricles In this case an acute pyohydrocephalus occur- 
red as the result of obstruction of the foramina of the fourth ventricle 
Unfoitunately, but one of the fatal eases of our series came to autopsy, 
and the post-mortem findings throw no light on the condition of the 
blood-pressure 

CONCLUSIONS 

Heightened intracranial tension appears to be an almost constant 
phenomenon in epidemic cerebrospinal meningitis 

Heightened blood-pressure of a moderate degree is not infrequently 
seen in the early acute stage of the disease when exacerbations of symp- 
toms occur, late in the disease, or when the malady takes on a chronic 
aspect 

The blood-pressure seems to bear some relation to the severity of the 
disease, bemg higher when the symptoms are severe, and low during con- 
valescence 

The withdrawal of cerebrospinal fluid by lumbar puncture has no con- 
stant effect on the blood-pressure, although there is usually a fall of blood- 
pressure synchionous with this procedure 

This series of obsei rations affords no definite evidence that heightened 
intracranial tension causes an increased blood-pressure m meningitis, 
unless it is late in the disease, when internal hydrocephalus may develop 
as a result of blocking of the foramina of the fourth ventiicle 

My thanks are due to Drs Morris J Lewis, Arthur V Meigs, and J C Wilson, 
in whose services at the Pennsylvania Hospital these cases occurred, for putting 
the material at my disposal 

342 South Fifteenth Street 



POSTUEAL OR ORTHOSTATIC ALBUMINURIA 

A OEITIOAL SUjSIMARY OE THE MTEEATUEE 
D E HOOKER, MD 

BALTIMOEE 

Following Richard BnghPs observation, in 1827, of the direct asso- 
ciation of albnminnria with pathological changes in the kidneys, the 
medical profession showed a natural tendency to regard the presence of 
albumin in the urine as a positive sign of nephritis It was not long 
after Bright’s discovery, however, that cases began to appear in which 
examination of the urme showed albumin to be present without any evi- 
dences of ill health in the patient and without the fatal outcome com- 
monly associated with nephritis Such observations have steadily 
increased in number, so that for some time past there has been an 
mcreasing tendency toward the belief that albumin in the urine is not 
necessarily an indication of serious pathological change in the kidney 
This tendency to regard the presence of albumin as of not very seri- 
ous moment has led to the adoption of numerous terms to define the 
condition, such as ^Tunctional albuminuria,” ^^albuminuria in the appar- 
ently healthy,” “intermittent albuminuria,” “cyclic albummuria,” “albu- 
minuria of adolescents,” “physiological albuminuria,” “orthostatic albu- 
mmuiia,” etc For practical convenience I shall divide the papers to be 
considered into three groups or periods, the first of which extends 
roughly up to 1887 and ends with a paper published by Dubreuilh, “A 
Critical Review of Periodic Intermittent Albuminuria 

FIRST PERIOD 

Leube^ was the first to investigate carefully the urine of presumably 
healthy men He studied the urine of 119 soldiers in the morning ^ust 
after they arose from bed, and found albumin m the urme of 4 2 per 
cent The urine of the same soldiers in the afternoon, after several hours 
of marching, showed albumin m 16 per cent , thus 12 per cent of these 
soldiers had albuminuria subsequent to prolonged exercise In all of 
these cases, the amount of albumm was very slight, never exceeding one 
gram per liter As a result of these observations, Leube classified all 
kidneys as impermeable, semipermeable, or permeable, and located the 


1 Dubreuilh Rev de mgd , 1887, vii, 678 

2 Leube Virchow’s Arch f path Anat, 1878, Ixxii, 145 
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peimeability in the glomerulus Gapitan^ found albumin in 44 out of 
100 soldiers, and in 38 out of 92 children, all in good health In a thesis 
published in 1883, Chateaubourg* gave the results of numerous studies 
on soldiers and other subjects at different times of the day and under 
different circumstances These results are collected in Table 1 


TABLE 1 —RESULTS OF CHATEAUBOURG’S URINARY STUDIES 




Traces of 

Albumin 

Cases 


Albumin 

Above 0 03 Gm 



% 

Per Liter 

Resting 

120 

76 

41 

Muscular fatigue after exercise 

242 

87 

66 

Mental exertion, school hoys, age 16-20 

50 

92 

T1 

During digestion 

94 

82 

53 

After cold baths 

53 

100 

90 


The difference in the results obtamed by these and subsequent observ- 
ers may perhaps be explained by the reagents employed, thus. Senator 
and Posner believe that with sufficiently delicate methods albumin may be 
found in all normal urines ® But, putting aside such cases as the latter, 
in which the amount of albumin is exceedingly small, there are unques- 
tionably individuals who without any indication of impairment m their 
general health present an albuminuria which may be easily diagnosed by 
the coagulation of the protein in the presence of acid Such cases have 
been described variously under the names ^^albuminuria without renal 
lesion,” ‘‘albuminuria in the apparently healthy,” “albuminuria of 
puberty,” etc According to some observers, this is nothing but an exag- 
geration of a normal condition, while others believe that albuminuria 
invariably indicates a pathological condition of the kidneys Johnson,® 
for instance, believed that it represents a latent nephiitis, and Gairdnei,’^ 
on the other hand, has compared the condition to cardiac murmurs, 
which persist throughout life without other evidences of disease, oi to 
those cases which show localized pulmonary induration, but which never 
develop acute symptoms of tuberculosis 

Ultzmann® was among the first to observe albuminuria in the healthy 
In 1870 he detected albuminuria in the urine of eight young girls, who 
weie apparently healthy and strong The specific gravity of the urine 
was increased, but neither casts nor red blood cells weie ever found The 

3 Capitan Thesis, Pans, 1883 (cited by Dubreuilh) 

4 Chateaubourg Thesis, Pans, 1883 (cited by Dubreuilh) 

5 Senator Deutsch nied Wchnschr , 1904, xxx, 1833 

6 Johnson Bnt Med Jour , 1889, i, 225 

7 Gairdner Bnt Med Jour, 1884, i, 369 

8 Ultzmann Wien med Presse, 1870, xi, 81 
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sediment frequently showed nrates and calcium oxalate crystals In 
1873, in a discussion before the Eoyal Medical and Cbirurgical Society of 
London, Sir William GulP stated that %oys when they reach the age of 
puberty are pale and weak, and the urine is frequently albuminous 
The first work of importance, however, on this subject was presented by 
Moxon^° in 1878 He noted that m young men of delicate complexion, 
albumin was often found in the day urine As a result of this paper, 
the English journals published numerous articles on periodic albuminuria 
by Eooke,^’- Peigusson,^^ Dukes,^® Saundby,^^ Yeo^® and others In Ger- 
many, there appeared the observations of Edlefsen,^® of Eurbrmger,^'^ 
and of Bull The last-mentioned observer followed the case of a young 
physician, v/ho had daily albuminuria lasting over two years Munn,^® 
an insurance examiner in New York, found albummuria m twenty-four 
persons of various ages, who were apparently perfectly healthy, and whose 
urme showed albumin in the afternoon, but was entirely free during the 
night MacaccP® emphasized the influence of violent exercise Kinni- 
cutt®^ also noted intermittent albuminuria m a young man The latter 
observer was not able to determine any periodicity, but the character of 
the urme, its acidity, specific gravity, and the presence of calcium oxalate 
crystals makes it closely analogous to the tj'pe of periodic intermittent 
albummuria The above papers have been collected m a resume by 
Lepine, published in the Revue de medeovnBj in 1883 In 1884 Eendall“ 
published a thesis in which many observations were given to show that 
albummuria was intimately connected with the digestive processes Pavy, 
on the contrary, at the meeting of the British Medical Association at 
Cardifi in 1885, insisted on the importance of the upright position, and 
excluded entirely the influence of digestion Pavy’s position has subse- 
quently been completely justified®* Teissier, in a paper read before 

9 Gull Brit Med Jour , 1873, i, 675 

10 Moxon Guy’s Hosp Rep , 1878, xxiii, 233 

11 Rooke Brit Med Jour , 1878, n, 596 

12 Fergusson Brit Med Joui , 1878, ii, 627 

13 Dulces Brit Med Jour, 1878, ii, 794 

14 Saundby Brit Med Jour , 1879, i, 699 

15 Yeo Brit Med Jour , 1878, ii, 627 

16 Edlefsen Mitth f d Ver Sclileswig-Holsteiner Aerzte, 1879, viii, 21 

17 Furbringer Ztschr f klin Med , 1880, i, 340 

18 Bull Berl klin Wclinscbr , 1886, xxiii, 717 

19 Munn Med Rec , 1879, i, 297 

20 Macacci (cited by Dubreuilh) 

21 Kinnicutt Arcb Med , 1882, vii, 58 

22 Reudall Thesis, Pans, 1883 

23 Pavy Lancet, London, 1886, i, 437 

24 Sollmann and McComb Jour Exper Med , 1898, iii, 137 Mendel and 
Hooker Jour Exper Med , 1901, v, 647 
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the hTational Society of Medicine at Lyons in the same year/^ believed 
that he was able to show that such albuminuria is nothing but the result 
of abnormal metabolic processes, resulting from general nutritional dis- 
turbances 

This albuminuria may be present without nephritis, and in people 
without serious disease, and under various circumstances It is possible, 
therefore, according to Dubreuilh, to distmguish three types 1, transi- 
tory albuminuria, acute or accidental, 2, chrome albummuria, without 
any distinct periodicity, 3, periodic intermittent albuminuiia, the cyclic 
albuminuria of Pavy The third type is the one which particularly inter- 
ests us 

ETIOLOGY 

Sex plays an important part Thus, in fift 3 f-fLve cases observed by 
Dubreuilh, forty-nme occurred in men and six in women The age is 
also important It is most frequently seen during adolescence and in 
young adults In 34 cases studies by Dubreuilh, there weie 4 boys and 
3 girls under 15 years, 14 boys and 2 girls between 16 and 20 years, 7 
men between 20 and 25 years, 6 men between 26 and 30 years, and 3 
men above 30 years The age limit cannot be strictly defined, but it is 
evident fiom these figures that it is more common about the twenty -first 
year 

According to the observations of Moxon, functional albummuria is 
often present in several members of the same family He cites several 
cases of this kind They generally present the following characteristics 

The sub 3 ect is listless, and toward evening, he perhaps takes himself to a 
couch in a languid way He complains of a headache, and he looks very anemic 
and gray and sunken about the eyes He sleep too much and arises unrefreshed, 
and is too ready for rest during the working hours He is usually little disposed 
to avail himself of cheerful company, but is apt to be content with his state in all 
these rather unsatisfactory particulars 

According to Teissier, periodic albummuria is frequentlj obseived m 
the children of gouty and rheumatic parents, and they are themselves 
liable to a gouty tendency 


UBINAEY SYMPTOMS 
/ 

The amount of urine secreted is usually a little less than normal, but 
in rare cases it may be augmented The specific gravity is usually equal 
to, 01 slightly greater than, normal, and vanes generally between 1 020 
and 1 030 The color of the urme is normal m the majority of cases 
The acidity is generally above normal, and is accompanied by the presenc 


25 Teissier Lyon M6d , 1887 , liv, 363 
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of uric acid and calcium oxalate crystals Clark^® believes that there is 
an association between the albumin and the oxalate crystals, and he has 
found that if the cases are treated for oxaluria, the albumin will disap- 
pear Jones^’ says that Yale medical students used to eat the stalk of 
common rhubarb m order to secure calcium oxalate crystals for study 
which frequently resulted in backache, an irritable bladder and albu- 
minuria Teissier observed numerous granular plaques having the 
appearance of spontaneously coagulated albumm He also noted a deli- 
cate, metallic, bluish tint on the surface, and found that the urme 
showed a strikmg tendency to adhere to the glass, giving an opalescent 
appearance to the surface 

The albumin is not very abundant in these eases, never exceeding one 
gram per liter The heat-acid test is usually sufficient to show the pies- 
ence of albumin Accordmg to Jaccoud^® and Maguire,^” the protein 
present is, in the majority of cases, globulin The latter observed globulin 
in thiee typical cases Peptone is also occasionally found 

PERIODICITY 

\ 

This form of albuminuria, the c} die albuminuria of Pavy, is charac- 
terized by both its intermittence and its periodicity The night urine 
IS practically always free from albumin, while that secreted during the 
day invariably shows, at one time or another, albumin in considerable 
amounts The albumin usually disappears quickly when the sub3ect lies 
down Eooke followed the case of a young girl for a long period He 
never observed albumin in the urme collected after she lay down This 
patient was kept in bed three weeks, during which time albumin never 
appeared On the first day, however, that the patient was allowed to get 
up albumin promptly made its appearance Pavy reports similar ca^es, 
and believes that for each case there is a particular time of day when the 
albumin is sure to be present This last observer has never been able to 
find that food or cold baths have any mfiuence on the appearance of the 
phenomenon Eendall and also Dukes, however, reported cases in which 
food seemed to play a very important part Such patients, after rest in 
bed and a rmlk diet, did not exhibit albuminuria when they were up and 
about until a mixed diet was allowed, when the albumin promptly made 
its appearance 

26 Clark Brit Med Jour , 1884, ii, 312 

27 Jones Lancet, London, 1886, i, 432 

28 Jaccoud Clin M§d de la Piti6, 1884-85 (cited by Dubreuilh) 

29 Maguire Lancet, London, 1886, i, 1106 
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Albuminuria in general seems to be veiy sensitive to cold, although 
occasionally little or no effect is evident In some cases, the emotions 
seem to play an important part, thus I’urbnnger, Lepine and Clarke 
report eases in which emotional excitement has been a predisposmg cause 
The albuminuria appears each day with the same characteristics The 
periodicity may, however, not be a daily occurrence Thus Kosenbach^o 
has observed in the case of a generally healthy individual that albu- 
mmuna appeared accommpanied by headache, loss of appetite, insomnia, 
etc The albuminuria in this case lasted from twenty-four to thirty-six 
hours The left heart was hypertrophied, and the arterial pressure 
increased Teissier has seen the cyclic character of the albuminuria very 
much altered as the result of exercise Klemperer®^ reports the case of 
a student, 23 years old, who, as the result of a severe indigestion, had 
albuminuria which cleared up when the digestion returned to normal 

GENERAL SYMPTOMS AETD INCIDENTAL DISTURBANCES 

These patients usually show no systemic disturbances, although they' 
are, in general, below par in health, as is evident from Moxon’s descrip- 
tion given above They are usually described as bemg of delicate health, 
they sometimes present the characteristics of a lymphatic temperament, 
and frequently evidence nervousness They are usually pale and anemic, 
and the voung girls are often chlorotic They present sensations of lassi- 
tude and marked languor, as emphasized by Gull in 1873, and subse- 
quently by numerous observers Palpitation of the heart is a frequent 
symptom, but without hjqjertrophy, and the pulse is usually soft 
Digestive troubles are usually shght, but sometimes dyspepsia is present 
(Moxon) Vomiting and dilatation of the stomach (Teissier) have 
been noted The tongue is often coated and edema of the ejehds, as 
observed by Pergusson and Dukes, is not uncommon Languor, headache 
and coated tongue constitute an important s 3 mptomatology, aceordmg to 
the English observers Teissier has noted the coincidence of disturbances 
of the skm (erjdhema, eczema and urticaria) He has also determmed, 
in the albummuria cycle, the following phases which occur m the course 
of the day (1) elimination of an exaggerated amount of colormg mat- 
ter, [2) albuminuria, (3) elimination of an exaggerated amount of 
urme , (4) elimmation of an exaggerated amount of urea 

Ealfe®^ noted the frequent comeidence of simple, chronic albummuria 
with paroxysmal hemoglobinuria Several cases came under his observa 

30 Eosenbach Ztscbr f klin Med , 1883, vi, 240 

31 Klemperer Ztscbr f klin Med, 1887, xu, 177 

32 Ealfe Lancet, London, 1886, ii, 764 
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tion which he believed could be intimately associated with the hemoglo- 
binuria Ealfe, on the basis of the experiments of Noel Paton, believes 
that the liver is the site of the normal destruction of red blood cells If^ 
for any reason, this function of the liver is exaggerated under pathologi- 
cal conditions, or as a result of intoxication, the urinary pigments are 
increased, and if this process goes on far enough, albuminuria results 
According to Ealfe, we have the followmg schema indicating the 
relationship between functional albuminuria and hemoglobinuria 


Ordinary liemolysis 
Active hemolysis 

Increased hemolysis 


Extraordinary hemolysis 


(Urinary pigment, urea ) 
(Increase of urinaiy pigment, 
increase of urea ) 

(Increase of urinary pigment, 
appearance of bile pigment, 
increase of urea, albumin in 
urine ) 

(Hemoglobin in urine, increase 
of urinary and bile pig- 
ments, increase of urea, al- 
bumin in urine ) 


Normal urine 
Urine of digestion 

Functional albuminuria 


Hemoglobinuria 


It IS impossible to determine the duration of the type of albuminuria 
under discussion In some cases it lasts a few months, but in others 
it may continue for two or even eight years In general, the prognosis is 
seiious, although not necessarily fatal 

Edlefsen is inclined to believe, in accordance with the work of Eune- 
berg,®2 that as' a result of exercise, an unusual amount of blood is 
diverted to the muscular system, which results in a fall of blood-pressure 
in the kidney, with a consequent albuminuria Such a mechanical theory, 
however, fails to account for cases to be mentioned later in which the 
vertical position with muscular exertion excluded was sufficient to pro- 
•• duce an albuminuria and in which muscular exertion in the horizontal 
position was without effect 

The theory that it is due to digestive disturbances, advanced by Een- 
dall, IS unsatisfactory, because it is impossible to find a direct relation- 
ship between the appearance of albumin and the tune of meals The 
effect of cold is, in certain cases, very striking, but it does not apply gen- 
erally The same may be said of the idea that emotional states bring 
about the condition 

SECOND PERIOD 

The second period in the development of our subject may be con- 
veniently defined as extendmg from 1887 until 1904, ending with the 


33 Euneberg (Ztscbr f physiol Chem , 1882, vi, 508) has shoivn that protein 
filters through animal membrane moie rapidly with low than with high pressure 
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thesis of Guilblam®* in France, and the work of EdeP® in Germany 
This second period is characterized by the development of scientific inter- 
est, and a strong effort to define the etiology of albinninnria by means 
other than simple clinical observation Pavy had suggested the name 
of “cyclic albummuria In 1887 Stirlmg^® in England proposed the 
name of “postural,” and in 1899 in France, Teissier®'^ proposed the name 
“orthostatic albuminuria,” which terms more correctly define the phe- 
nomenon under discussion 

Postural or orthostatic albummuria is most likely to occur between 
the ages of 16 and 22 Thus Dukes^® observed between 200 and 300 eases 
at Eugby It was formerly thought that the phenomenon was more fre- 
quent m boys than m girls The more recent work has tended to show, 
however, that sex is of no impoitance as an etiological factor In the 
majority of cases, occurrmg as they do at the age of pubertj', the albu- 
minuria has been associated with the sex function Masturbation was 
Imown to be practiced by many patients Thus Stirling^® says that of 37 
boj's who masturbated, 14 had albuminuria This author quotes Dickin- 
son as saying, “Most, not all, cases masturbate,” and agam quotes Dukes, 
“I do not think masturbation is concerned m it ” Stirling is of the opm- 
lon that at the age when most cases occur, the sexual functions are rap- 
idly developing, and the nervous mechanism concerned is consequently 
m an unstable condition According to Stirling, it is hard to say whether 
this produces a reflex hyperemia of the kidney, or more probably, a dis- 
tuibance of the vasomotor system, but he believes that m any case the 
effect would be much the same Any cause which would produce this 
effect might be liable at the same time tb produce albummuria, and 
therefore albummuria might be regarded as the re'^ult of a local as well as 
a general deflciency m vascular tone Dukes and others have suggested 
that the development of the vascular sj'stem at the age of puberty may 
be an important factor It is, of course, probable that infectious diseases, 
such as scarlet fever, which are likely to occur at this time m a child s 
development, may also play a part This possibilily has led Guilblam 
to differentiate essential orthostatic albummuria to cover the cases m 
which no mfections can be found predisposing to the condition Schaps 


34 Guilblam Thesis, Pans, 1903 

35 Edel Munchen med Wchnschr , 1901, xlmi, 
Wchnschr , 1903, xxix, 639 

36 Stirling Brit Med Jour, 1887, ii, 1157 

37 Teissier Semame Med , 1899, xix 425 

38 Dukes Brit Med Jour , 1889, i, 625 

39 Stirling Brit Med Joui , 1889, i, 807 

40 Schaps Arch f Kinderh , 1903, xxxv, 41 
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observes that girls are affected four times as commonly as boys, and is 
inclmed to explain this relationship on Eokitansky’s observation that 
developmental anomalies are more common m the vascular system of girls 
than of hoys Of 35 subjects, 20 showed more or less pathological hearts 
These troubles were not, however, organic, but rather due to the hyper- 
trophy and dilatation, comcident to growth described by Germain See 

Admittmg that posture plays an important part m the causation of 
albuminuria, numerous observers have sought an explanation in the 
aceompanymg muscular exertion Experimental observation has not, 
however, confirmed this idea Thus Guilblam found that muscular 
exertion m the horizontal position did not cause albumin to appear, and 
that if the subject was mamtained in the upright position passively, 
albuminuria promptly occurred, and finallj^ that light exercise tended 
to decrease rather than to mcrease the amount of albumm secreted 
Osswald'*^ also observed that the horizontal position of the body caused 
the albumin to decrease or disappear m from tv’-enty to sixty mmutes 
Under such conditions, muscular exertion had no effect on the albumi- 
nuria The same thmg was observed when the subject was mamtained 
m the sitting position 

Considerable attention has been paid to the inffuence of the position 
of the body on the secretory actmiy of the kidney Linossier and 
Lemome^- studied the amount of water, urea, phosphates and sodium 
chlorid secreted, standmg and lying, in normal individuals, and m those 
with orthostatic albuminuria Their results are given in Table 2 


TABLE 2 — RATIO 

OP VARIOUS SUBSTANCES IN URINE, 
AND LYING 

SUBJECT STANDING 


Normal 

Albummunc 

Water 

82 100 

64 100 

Urea 

131 

82 

Pa Oo 

112 

80 

NaCl 

104 

63 


They aie mclmed to infer from these figures that orthostatic albu- 
imnuria borders on the pathological Achard^® and Merklen and 
Claude,^'* using Koranyi’s quotient A/UaCl, were unable to find, how- 
ever, any abnormality in the excretion of urme in subjects with ortho- 
static albuminuria 

41 Osswald Ztschr f klin Med , 1894, xxvi, 73 

42 Linossier and Lemoine Compt rend Soc de biol , 1903, Iv, 466 

43 Achard Compt rend Soc med d hOp , 1900, June 22 

44 Merklen and Claude Compt rend Soc mgd d hop , 1900, July 27 
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Blood-pressure has been considered as an important causative factor 
in albuminuria Dukes^®^ quotes Benke as saying 

The development of the heart at puberty is to he regarded as a very important 
phase in the development in regard both to the physical and pathological occur- 
rences of this period of life The large arterial vessels attain their relatively nar- 
rowest condition at the time of puberty, hence with the inereasd development of 
the heart, -with relatively narrow arteries, we must get increased arterial tension 

According to this theory, Dukes presupposed a renal hyperemia, 
which, in the majoiity of cases, is just held in check, and believed that 
he was able to determine increased arterial tension in all of his cases 
Craig,^'^ in England, seems to have been the first to suggest definitely that 
albuminuria is present as the result of low arterial tension , he cites cases 
of anemia and hemorrhage in which albuminuria is lilcely to be present 
Eurthermore, he states that he was able to cause functional albuminuria 
to disappear by raising the blood-piessure Herrmgham^® describes a 
patient as follows ^^He was a lean, pale boy with a feeble circulation 
and soft pulse " 

Guilblain emphasizes the importance of distmguishing essential 
orthostatic albuminuria from the intermittent albuminuria of chrome 
nephritis, from digestive or dyspeptic albuminuria, from pretubereulous 
albuminuria described by Teissier,^" fiom cyclic albuminuiia (Pavy), 
from fatigue or physiological albuminuria, from the albuminuria accom- 
panying hemoglobinuria, and from metabolic albummuria 

It is not uncommon to observe an intermittence m the albumm- 
uria present with chronic nephritis It can, however, m the major- 
ity of cases be readily distinguished from the true orthostatic albmnm- 
uria Digestive or dyspeptic albuminuria can be readily distinguished 
by its association with meals or with digestive upsets The pre- 
tuberculous albuminuria of Teissier invariably exhibits albuminuria in 
the early morning hours The cyclic albummuria of Pavy may or maj 
not fall mto the class under discussion Fatigue or physiological albu- 
mmuria has been carefully studied by LommeP” and by von Leube®^ 
Lommel found among 587 apprentices, aged 14 to 18 years, that albu- 
mmuria was present in 18 9 of the cases Yon Leube states that this 


45 Dukes Brit Med Jour , 1878, ii, 794 

46 This assumption is not in accord with the observation that there is a con 

tmuous elevation of arterial (systolic) blood-pressure from the ° 

eighteenth year See Potain, La pression artfirielle de I’homme, Pans, 190 , p 
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form of albuminuria is present in from 20 to 50 per cent of cases 
observed It may, of course, be brought on as the result of fatigue, and 
may or may not include the cases of orthostatic albuminuria Metabolic 
albuminuria has been emphasized by Charrin Charrin observed that 
the blood-pressure, freezing-point of the urine, toxicity of the urine, tem- 
perature of the urine, the absoiption of oxygen, and the rectal tempera- 
ture, follow in general the output of albumin He maintains that all 
these phenomena are the resalt of metabolism, and hence that albu- 
minuria may be regarded as a nutritional disease The albuminuria 
coincident to hemoglobinuiia has been already consideied in connection 
with the work of Ealfe 

Throughout the period at piesent undei discussion, observeis were 
divided between the views that all albuminuria is pathological, and that 
some cases are harmless The majorit}^ however, are inclined to the lat- 
ter view Casts in the urine might be regarded as of important patho- 
logical moment Most obseiveis, however, have been unable to observe 
their presence, although some have found hyalme casts Huger®® 
observed two cases In both he was able to find hyaline casts, and believes 
that a careful examination of the urine will, in all cases, reveal their 
presence 

The prognosis for orthostatic albuminuiia is, according to Guilblain, 
excellent We thus see a distinct change in the point of view over that 
held at the time Dubreuilh prepared his papei The presence of albu- 
minuria in such a large percentage of eases has made the subject of 
great interest fiom the point of view of life-insurance Therefore, the 
discussion of this aspect of the sub 3 ect has become very general, and we 
find that writers are inclined to a broader inteipretation of albuminuria 
than formerly Shepherd,®^ in 1888, reported the results from 35,000 
examinations of urine He noted that the brain-workers showed a larger 
percentage of albuminuria than the muscle-woikers, that in the large 
ma 3 ority of cases albuminuria is not associated with renal disease, and 
that in the matter of life-insurance, albuminuria should be looked on as 
a symptom only, and acceptance or re 3 ection of the risk should depend 
on the gravity of the case Tyson, in a papei read before the Associa- 
tion of American Physicians m 1888,®® came to a similar conclusion. 
This paper was discussed editorially in the BiiUsli Medical Journal the 
following year ®° The writer admitted the difficulty of examination in 

52 Charrin Jour de Physiol et path gCn , 1901, in, 58 

53 Huger Bull Johns Hopkins Hosp , 1902, xiii, 75 

54 Shepherd Boston Med and ffurg Jour , 1888, c^viii, 675 

55 Tyson Tr Assn Am Physicians, 1888, 171 

66 Editorial Brit Med Jour, 1889, i, 26 
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sucli eases, but concluded that albuminuria, as such, was not a sufficient 
reason to refuse insurance 


The fact that variation in arterial tension was not sufficient to explain 
the presence of albumin in the urme, together with the difficulty of 
accountmg for the phenomenon on the ground of a venous stasis, smce 
albumin is not present in such eases in the sitting posture, led to the 
suggestion that a movable kidney might be the proper explanation This 
idea was first suggested by Sutherland‘S'^ m America in 1903, and was 
advanced by Guilblam at about the same time This belief has not, how- 
ever, received wide acceptance, although one ease has been recently 
reported by Blum,®® in wliich it was found Lhat an aberrant renal artery 
was pressed on by the ureter, thus producing albuminuria 

Throughout this period (1887 to 1903), numerous observers sug- 
gested the idea that vasomotor instability might be the etiological factor 
in question, but Edel was the first to bring forward definite evidence 
substantiating this conception In his first paper, published in 1901, he 
noted that diuretics caused the albumin to disappear from the urine 
Hot baths also decreased the amount of albumin, undei which condition 
he observed that the skin was flushed, the pulse fuller and faster, and 
that the amount of albumin was inversely related to the amount of 
urine Pribram®® had also observed fifteen cases of orthostatic albu- 
minuria in which the specific gravity always varied diiectly as the 
albumin present Edel noted also that moderate exeicise without 
fatigue improved the strength of the pulse by stimulating the heart 


action and decreased the amount of albumin, causing also an increase in 
the amount of urine secreted He therefore suggested as a rational 
therapeutic measure that the heart should be strengthened by careful 
exercise, that in no case should the sub,|ect be kept in bed, and that iich 
diuretic food should be indulged in In his second paper published in 
1903, he reported observations on the blood-pressure In such eases, the 
effect of warm baths on normal individuals was to cause a slight fall m 
blood-pressure — 10 Tmn during the bath, which rose 25 min after the 
bath Albuminurics, however, failed to show this rise in pressure after 
the bath, and had sensations of relaxation and fatigue instead of feeling 
refreshed, as was the case in normal individuals As the result of cold 


sponges, the blood-pressure of albuminurics was not as responsive as m 
the case of controls, but tended to remain constant, or sometimes to fa , 
while in the normal cases there was usually a rise Exercise (climbing 


57 Sutherland Am Jour Med Sc , 1903, cxxvi, 2S9 

58 Blum Wien med Wchnschr, 1908, xxi, 503 
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stairs) produced a much less pronounced effect on the blood-pressure of 
albuminurics than on that of normal individuals;, as shown by his figures 
here given (Table 3) 


TABLE 3— EFFECT OF EXERCISE ON BLOOD-PRESSURE OF NORMAL AND 

ALBUMINURIC INDIVIDUALS 



Before 

Just After 

2 Mm After 

Normal 

136 

205 

181 

Abnormal — ^Moi ning 


4- 37 

(not stated) 

Afternoon 


+ 17 

+ 16 


20 Min After 
136 

(still more) 
0 


Just after bicycle-riding the blood-pressure was high Tifteen min- 
utes after riding, however, the blood-pressure was low again and albumin 
made its appearance When normal individuals changed from the sitting 
to the standing posture, the, blood-pressure rose and seemed to remain 
elevated, while m the ease of albummurics the blood-pressure did not 
rise and sometimes fell From these observations Edel infers that ortho- 
static albuminuria depends on the mability of the cardiovascular system 
to respond to ordinary changes He believes that the heart and vascular 
system are very important in fatigue, and the fact that subjects suffer- 
ing with albuminuria are readily fatigued tends strongly to support the 
belief that the two are mtimately associated 


THIRD PERIOD 

The third period m the development of our knowledge of orthostatic 
albuminuria, extending from 1903 up to the present time (1909), offers 
only three new suggestions for the etiology that presented by Teissier,®® 
implying a developmental defect in the glomerulus,®^ that offeied by 
Brlangei and Hooker,®® and that of Jehle®® Teissier, in a paper pub- 
lished in 1905, IS careful to distmguish between true orthostatic albumi- 
nuria and mixed albuminuria The former, he says, is characterized by 
the juvenile appearance of the patient, a poorly developed vascular sys- 
tem and small heart, low arterial pressure and a subnormal body weight 
Such cases may or may not give a history of infection When the patient 
changes from the lying to the standmg position, albumin promptly 
makes its appearance in the urine and disappears as quickly when he lies 
down 

60 Teissier Revue de Med , 1905, xxv, 233 

61 Tins IS practically the suggestion of von Leube, hut stated with more bold- 
ness and decision 

62 Erlanger and Hooker Johns Hopkins Hosp Rep , 1904, xii, 145 

63 Jehle Munchen Med Wchnschr , 1908, Iv, 12 
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IsTeivoiis symptoms aie frequently associated In such cases the 
amount of albumin excieted vanes from 0 5 to 4 gm pei liter The 
protein is serum albumm Globulin is only exceptionally piesent If 
any protein is associated with the serum albumin it is practically always 
nucleo-albumin In agreement with von Leube, he conceives of perme- 
able, semipermeable and impermeable kidneys, and beheves that 
orthostatic albuminuria falls into the class of semipermeable kidneys, 
due to a defect in the development of the glomerulus Jehle observed a 
case of orthostatic albuminuria, which, however, exhibited casts and blood 
elements !Piom the study of this case, he came to the conclusion that 
the albuminuria was caused by lordosis which resulted m a pressure on 
either the renal vessels or the ureter With this conception of the cause 
of the albuminuria, he favored exercise as a theiapeutic agent, because it 
would strengthen the muscles of the back and thus improve the condition 
of lordosis and coincidently the albuminuria Hothmann®® has recently 
confirmed Jehle’s observation, that lordosis may be the cause of ortho- 
static albuminuria He has succeeded in producing albuminuria by arti- 
ficially induced lordosis Observations on the cadaver and on rabbits 
indicate that curvature of the spine could disturb the normal position of 
the kidneys to an extent sufficient to explam the disturbances in the cir- 
culation, which are evidently responsible for the albuminuria I shall 
later on refer to the work of Erlanger and Hooker 

It is interesting to note the effect of athletic exeicise on the appear- 
ance of albumin DunhiU and Patterson,®® in Australia m 1903, and W 
Collier,®’^ in England in 1907, investigated the urines of boat ciews and 
found that albumin was mvariably present aftei the races 

Eose Bradford, in an address before the British Medical Association 
m 1907,®® reached the conclusion that there was no adequate explanation 
of the phenomenon under discussion, except that of vasomotor insuffi- 
ciency 

Adam Loeb,®® in Germany in 1905, studied the behavior of the quo- 
tient A/HaCl in cases of nephritis, cardiac disease and orthostatic 
albuminuria On the theoretical assumption that an mcrease in the 
quotient means a decreased fiow of blood through the ladneys and a 
decrease in the quotient means an increased fiow of blood through the 
kidneys, he found that those with orthostatic albummuria and those 

64 This statement has been entirely substantiated by other observers 

65 Nothmann Arch f Kinderbeilk , 1909, xlix, 216 

66 Dunhill and Patterson Intercol Med Jour Australasia, 1902, -vni, 66^ 

67 Collier Brit Med Jour , 1907, i, 4 

68 Bradford Brit Med Jour , 1907, i, 725 

69 Loeb Deutsch Arch f klin Med , 1905, Kxxiii, 452 
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witli caidiac disease both showed an increase of together with 

a lessened excretion of sodmm chlorid and water on the patient’s assnm- 
ing the npiight position which was accompanied by the appeal ance of 
albumin in the nrine These conditions did not hold for nephritis 
Philippson/® however, has recently been unable to make this sharp drs- 
tmction Loeb thus believed that the condition of albuminuria was 
dependent on the cardiovascular disturbances, probably vasomotor in 
origin, which found their origin in infectious diseases 

Porges and Pribiam'^^ and Pelnai’- studied the effect on the albumi- 
nuria of substances which would tend to alter the circulation, such as 
coffee, strychnin, diuretin, chloral hydrate, morphin, adrenalin, purga- 
tives, severe exercise, etc No positive results were obtained Porges 
and Pribram determined the blood-pressure with Gartner’s tonometer 
Since they were unable to note any great changes in the aiterial pressure, 
and smce venous stasis and movable kidney were excluded, they con- 
cluded that the condition must be a result of constrictor spasm of the 
renal artery 

In 1904. Eilanger and Hooker published an extensive study of blood- 
pressure in a case of orthostatic albuminuria, using the Erlanger 
sphygmomanometer Blood-pressure changes weie induced by various 
physiological procedures, such as muscular exertion, compression of the 
legs with Crile’s pneumatic suit, cold and hot baths, etc As a result of 
this investigation, the only factor ivhich was found to vary directly as 
the appearance of the albumin and inversely as the amount of urme 
excreted was the pulse-pressure The pulse-piessure was found to vary 
in a normal individual m the same direction as in the albuminuric, but 
not, however, to the same extent It seems probable, therefore, that the 
permeability of the kidney of a person suffering with orthostatic albumi- 
nuria must be greater than in a normal mdividual, and that the appear- 
ance or non-appearance of albumin is dependent on the nutrition (oxygen 
supply?) of the organ, brought about by variations in the amplitude of 
the pulse 

In a paper published by Leonard Williams in 1908,’“''^ the suggestion 
IS made that orthostatic albuminuria, since it is common in the early 

70 Philippson Jahrb f Kmdeih , 1906, Ixin, 174 

71 Porges and Pribram Deutscb Arch f klin Med , 1907, xc 367 

72 Pelnar Centralbl f inn Med , 1905, xxvi, 1025 

73 For a description of tbe instrument see Erlanger, Johns Hof)kins Hosp 
Rep , 1904, XU, 53 

74 Tbis may be regarded as a very conservative conclusion, since it fails to 
take into consideration exercise albuminuria, as "well as tbe peculiar sensitiveness 
of tbe normal kidney to interference "With its circulation 

75 Williams Clin Jour , 1908, xxxii, 23 
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years of life, is due to an incomplete functional development of the 
vasomotor system He cites the fact that the urine of new-born children 
almost always contains albumm, which disappears from the urine after 
the vasomotor system has become adapted to its new requirements 

In 1907 Heubner presented before the Medical Society in Berlin the 
results of an autopsy on a young girl who had been suffering with ortho- 
static albuminuria Only a single minute lesion, 1 by 1 5 mm m 
extent, was found in the pole of the right kidney This is the only case 
of autopsy found in the literature Heubner does not believe that the 
lesion in itself was sufficient to account for the albummuria present 
The child came of a tuberculous family, had had measles and scarlatina 
and had been operated on for adenoids one year before she came under 
observation Her first appearance was in 1903, when she came to the 
clinic for a cough and a swelling of the neck The urine at this time 
was free from albumin In the following year, May, 1904, the patient 
returned complaining of headache, as well as the former symptoms At 
this time she showed slight edema of the eyelids and feet and exlubited 
orthostatic albuminuria In Hovember of the same year her eyesight 
had become weak, and choked disc was present with attacks of vomiting 
A diagnosis of cerebellar tumor with secondary hydrocephalus was made 
at this time The albuminuria was more severe, but still orthostatic m 
type Early in 1905 the patient was operated on She died in Octobei 
of the same j-ear Throughout the time during which she was under 
observation no casts were found m the urine 

This report was followed by a lengthy discussion by Senator, Lang- 
stein, Baginsky, Eurbnnger, Hansemann, Orth and others The con- 
sensus of opinion was that the lesion was insufficient to account for the 
albuminuria observed 

Finally, I should mention the work of Wright and Eoss,'^® who have 
found it possible to cure patients with orthostatic albuminuria by the 
administration of calcium They made use of this treatment on the 
assumption that the albuminuria is the result of an abnormality in the 
blood Calcium acts to hasten the coagulation of blood and. presumably 
mcreases the viscosity Furthermore, the administration of calcium 
lactate served, m the hands of these observers, to differentiate renal from 
non-renal albuminuria, the excretion of albumm in the former not being 
affected Teissier’s observation of the coincidence of skin troubles in 

76 Heubner Berl klm Wchnschr , 1907, xliv, 1 

77 Berl klin Wchnschr, 1907, xliv, 61 

78 Wright and Boss Lancet, London, 1905, ii, 1164 , + nn 

79 I have been unable to confirm this in a case recently under ohsena i 
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sucli cases, and the theory advanced hy Ealfe, are of interest in connec- 
tion v'lth the work of Wright and of Lnff The latter has found, fol- 
lowing the suggestions of Wright, that calcium lactate is a very eflBcient 
therapeutic agent in persistent cases of chilblains boils associated with 
cold hands and feet, urticaria, erythema, lichen planus, pruritus, hemo- 
globmuria, etc , complaints which, he discovered, were, m all his cases, 
associated with retarded blood-coagulation No determinations of blood- 
pressure have been reported for cases such as those described by Wright, 
and it IS not known what effect the calcium has on the physics of the 
circulation 

Throughout this discussion it must have been evident that the varia- 
tions in the pomt of view presented by different observers might be 
accounted for by variation in the eases observed There can be no doubt, 
however, that it is possible for albumin to make its appearance in the 
urme without the consequent assumption of pathological conditions in 
the ladneys We should not be justified, however, in ignormg the opin- 
ion of Senator, who has probably given more attention to diseases of the 
kidney than any man now living, and who has, throughout the years in 
which albuminuria has been so hotly discussed, maintained unflinch- 
ingly his belief that protem in the urine must be regarded as evidence of 
pathological conditions in the kidney I quote from a recent address 

With the lapse of tune I am only more strongly confirmed in the view, which 1 
expressed years ago, that a slight irritation or infiammatory condition, which 
may progress toward recovery or toward a diffuse chronic nephritis, is responsible 
for most, if not all, of the cases of “cyclic” or orthostatic albuminuria ^ 

Of the numerous theories dealing with the causation of orthostatic 
albuminuria, that of a vasomotor instability stands out prominently to 
account for the typical cases The work of Edel, of Loeb, and of Erlan- 
ger and Hooker gives direct support to this view Loeb, Linossier and 
Lemoine, and Erlanger and Hooker were able to show that the kidneys 
in orthostatic albummuria did not excrete the ordinary urmary con- 
stituents normally Edel reached the conclusion that a low systolic 

80 Luff Brit Med Jour , 1909, i, 261 

81 It IS of interest in tins connection to note that the case observed by 
Erlanger and Hooker was subiect to eczema The attacks of eczema ceased, how- 
ever, approximately coincidently with the natural disappearance of the albu- 
minuria 

82 Ich bin somit je langer je mehr in der schon vor Jahren von mir ausge- 
sprochenen ausicht bestarkt vorden, dass, wenn nicht alien, so doch den aller- 
meisten Fallen von “cyklischer,” namentlich orthostatischer ( orthotischer ) Albu- 
minurie ein leichter Eeiz — oder enzundlicher Zustand in den Nieren zugrunde 
liegt, welclier in Heilung ubergehen, abei auch bis zu einer diffusen chronischen 
Nephritis sich weiter entwiekeln kann Senator Deutsch med Wchnschr , 1904, 
XXX, 1833 
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blood-pressure was an invariable concomitant of albuminuria Erlangei 
and Hooker were unable to observe an}^ consistent relationship between 
the appearance of albumin and the systolic or diastolic blood-piessuie or 
the velocity of blood flow in the aorta Theie was, howeveij an mvaii- 
able inverse relationship between the appearance of albumin and the 
magnitude of the pulse-pressure Smce, however, the behavior of the 
pulse-pressure, under varying conditions, was qualitatively the same m 
the control and in the albuminuric, no sharp line of demarcation could 
be drawn The suggestion was tentatively advanced that variations m 
the magnitude of the pulse-pressure might influence the oxygen supply 
to the renal epithelium, and so alter its functioning propeities In the 
case under observation, the pulse-pressure v^as unifoimly less than that 
of the normal individual, and showed, as did the s}stolie and diastolic 
blood-pressures, a marked tendency to be less stable This tendency was 
repeatedly emphasized by attacks of sjmcope duiing the periods of 
observation When we consider the phenomenal sensitiveness of the 
normal kidneys of animals to the slightest alteration in their blood- 
supply (momentary clamping of the renal artery or vein, etc), some 
support IS added to the suggestion of a transient nutritional disturb- 
ance Definite proof must rest, however, on the successful perfusion of 
the isolated kidney 

Eecently T have collaborated m the observation of a second similar 
case, the results of which have not yet been published It is of interest to 
state here that this recent work corroborates entirely that done with Dr 
Erlangei It may be of interest to state also that the patient studied by 
Erlanger and Hooker has entirely recovered from his albummuria 

That the albumin of orthostatic albuminuria and the post-exercise 
albuminuria first observed by Dunhill and Patterson may result from 
the same immediate cause, namely, a decrease of pulse-pressure, is indi- 
cated bi’^ recent investigations of exercise on the arterial blood-pressure 
Barach, Boyce and Savage determined the systolic and diastolic pressures 
in a number of individuals before and after Marathon races In these 
individuals the urine was normal before the runs After the exei- 
tion the urine contained casts, blood, albumin and acetone bodies flhis 
change in the urine was accompanied by a marked diminution in the 
amplitude of the pulse-pressure In this laboratory shorter runs have 
been observed to result in albuminuria In these cases both s3'^stolic an 
diastolic pressures were greatly increased immediately after the exercise, 
the systolic the more so that the pulse-pressure was increased T is 
increase gave way at once to a fall of both pressures accompanied by a 

83 Eeported before the American Physiological Society, Decemher, 1909 
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decrease of pulse-pressure Faint traces of albumin' were found in the 
first urines voided after the exercise The albumin increased in amount 
with the post-exercise fall of pulse-pressure (independent of the changes 
in systolic and diastolic pressuies) and disappeaied with the return of 
tins factor to normal It would appear, therefore, that orthostatic albu- 
minuria IS not necessaiily direct!}^ associated with a permanent impair- 
ment of renal function 
Johns Hopkins Univeisity 
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PARATYPHOID CHOLECYSTITIS ^ 

EUSSELL L CECIL, MD 

NEW YORK 


The striking similarity which exists between typhoid and paratyphoid 
fever holds true not only foi their mode of onset and clinical manifesta- 
tions, but also as regards the character of complications encountered 
Secondary paratyphoid infections of the bone, joint, testicle, middle ear 
and bladder have all been reported, while, according to Lorrain Smith,^ 
intestinal hemorrhages occur in 5 per cent of all cases 

The frequency of typhoid choleej^stitis would, therefore, warrant the 
expectation of often meeting gall-bladder disease in paratyphoid fever 
While this expectation may be warranted, I have been able to collect 
from the literature only six authentic cases of paratyphoid cholecystitis 
Lorey^ reported a case of paratyphoid cholecystitis. Type B, in 1908, 
and asserted that he could find in the literatuie no other eases of that 
type which were entirely free from objections 

In lookmg over the records of cultures taken from the last fifty-two 
cases of gall-bladder operation in the Presbyterian Hospital, I find that 
I isolated the colon bacillus sixteen times, the streptococcus seven times. 
Bacillus pyocyaneus and the paratyphoid baciUus once each In the 
remainder of the cases the cultures were sterile 

Schottmuller^* was the first to divide paratyphoid bacilli into two 
groups This classification was based on definite cultuial and biological 
differences and has received abundant confirmation Brion and Kayser^ 
designated the groups as Type A and Type B, the former turning milk 
slightly acid, the latter producing a faint alkalmity , and each developing 
specific immune bodies Infections with the Type A paratyphoid bacillus 
are rare, particularly in Germany In America this type of paratyphoid 
fever occurs more frequently Proescher and Eoddy®^ have recently 


* From the Pathological Laboratory of the Preshytenan Hospital, Hew Yoik 
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reported forty-eight cases of Type A infections from the Allegheny Gen- 
eral Hospital 

The case of paratyphoid cholecystitis which I am about to report 
falls within the Type A group, and is especially interesting in that the 
patient gave no history of a previous attack of typhoid or paratyphoid 
fever I am indebted to Dr Eliot for permission to use the clinical his- 
tory 

Patient — L C , female, aged 25, married, admitted Nov 23, 1908, to the first 
surgical division of the Presbyterian Hospital, complaining of abdominal pain, 
nausea and vomiting Pamily history negative Personal history negative 
Measles in childhood No other acute illness No history of typhoid or para- 
typhoid fever 

Present History — ^Two years ago patient was suddenly taken with severe 
colicky pains in the gall-bladder region Attack was accompanied with vomiting, 
fever and slight jaundice About one year later, patient had another attack 
similar to the first Since then she has been subject to frequent attacks For the 
last three weeks she has been constantly ill Pain is very severe, and radiates to 
hack Nausea, headache and fever are constant 

Physical Examination — Patient is fairly well nourished, but looks ill Chest 
negative Abdomen is soft except in the upper right quadrant, where there is 
some resistance In the region of the gall-bladder there is a pear-shaped mass, 
moving with respiration, and slightly tender Temperature, 1015, leucocytes, 
12,600 Urine shows bile Clinical diagnosis, cholelithiasis 

Operation — On November 25 a cholecystectomy was performed by Dr Eliot 
At the operation the omentum was found firmly adherent to the gall-bladder 
Wall of gall-bladder was thickened, mucosa was swollen Gall-bladder contained 
greenish semiviscid bile, and numheiless small stones The bile ducts were patent 
An abscess containing two ounces of pus was found near the foramen of Winslow 
Microscopically, the mucous membrane of the gall-bladder was partially absent, 
and the other coats were densely infiltrated with polymorphonuclear leucocytes 
and lymphoid cells 

Bacteriologie Examination — Smears from the gall-bladder mucosa show many 
polymorphonuclear leucocytes and small gram-negative bacilli Plate cultures 
from the bile, and also from the interior of one of the stones, give a pure growth 
of an actively motile, gram-negative bacillus On agar, this organism forms small 
grayish-white translucent colonies Litmus milk is acidified, but there is no 
coagulation after two weeks’ growth Neither blood-serum nor gelatin are lique- 
fied In Dunham’s peptone solution no indol is produced Broth becomes turbid, 
but no pellicle is formed Glucose broth, 1 per cent , is fermented, with the pro- 
duction of a small amount of gas Saccharose broth is free from gas In lactose 
broth there is no gas In mannite broth there is a small bubble after forty-eight 
hours One cubic centimeter of the twenty-four-hour broth culture, when injected 
intraperitoneally, killed a guinea-pig in less than twenty-four hours Agglutina- 
tion tests with the patient’s own serum were carried out with a number of organ- 
isms Table 1 shows the results obtained with the varioas dilutions 
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TABLE 1 — AGGLUTINATION TESTS, PATIENTS SEBUM AGAINST 
VAEIOUS OBGANISMS * 


Organism 

1-10 

1-20 

1-50 

1-100 

1-200 1-500 1-1000 1-2000 1 5000 

Bacillus from patient 

+ 

+ 

+ 

-t- 


B paratyphosus, Schott- 
muller A 

-t- 

+ 

+ 

+ 

-h - - - - 

B pai atyphosus, Schott- 
muller B 

-h 

_ 





B typhosus — — 

B coll communis — — — — — 

* Readings for the three lowest dilutions taken at end of one half hour , for high 
dilutions, two hours 

The typhoid bacillus was not agglutinated, even by high concentrations of the 
patient’s serum The colon bacillus was not agglutinated The patient’s own 
organism was agglutinated up to a dilution of 1/200 Two other strains of para- 
typhoid bacillus Type A, were agglutinated at a dilution of 1/100, both micro 
scopically and macroscopically Iwo strains of Bacillus paratyphosus, Type B, 
showed some clumping at dilutions of 1-10 and 1-20, but many of the organisms 
retained their motility With higher dilutions the reaction was entirely negative 
On Jan 2, 1910, 1 c c of a twenty-four-hour culture of dead bacilli from the 
patient was injected subcutaneously into a male rabbit On January 7 it received 
0 5 c c of a living culture, and increasing doses every five days thereafter The 
last two doses were given intravenouslj At first the rabbit lost weight, but 
later he regained a considerable part of it On Feb 5, 1910, after having received 
seven injections, the rabbit’s serum was tested for agglutinins Table 2 shows the 
lesults obtained 


TABLE 2 —AGGLUTINATION TESTS WITH RABBIT’S SERUM* 

Organism 1-10 1-20 1-50 1-100 1-200 1 500 1-1000 1-2000 1 5000 1-10000 1-20000 

Bacillus from patient -h4--|- + + + + -f + jh 

B paratyphosus, Schott- . , , , i. j, 

muller A -f-f-}- + + + + + + +Z, 

B paratyphosus, Schott- 

muller B -h + — — — — — — 

B typhosus -j- -f- -j- — — — — 

B coll communis — — — — — — — 

* Readings for the thiee lowest dilutions taken at the end of one half hour, for remaining dilut o , 

two hours 

The patient’s own organism was agglutinated by a 1 5000 dilution of the rab 
bit’s serum, while a stock strain of the paratyphoid bacillus. Type j was 
tinated by a 1-10000 dilution of the same serum Neither ® 

the rabbit’s serum had any effect on the paratyphoid bacillus, O^pe , e yp 
bacillus, or the Bacillus coU communis, eveept in very low dilutions ot the 
On December 12, seventeen days after the operation, the pa-^ien s eces w 
ined for paratyphoid bacilli Endo’s medium was used for t le p a e 
typhoid bacilli were found 

In the case pst described we have the picture of a typical chronic 
cholecystitis, produced by an organism which corresponds in every way 
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Avith Biion and Kaysei’s Type A of parat 3 'plioid bacillus Tins bacillus 
belongs to a gioup of patbogenic bacteria, intermediate between the 
typhoid bacillus and Bacillus coli communis^ which has attained consid- 
erable impoitance' for animal and human pathology To this group 
belong Gartnei’s Bacillus enteiitidis, the two t 3 fpes of paratyphoid bacil- 
lus, Bacillus typla munum, Bacillus suipesUfei and vaiious meat-poison- 
ing bacilli There has been consideiable disagreement among those who 
have studied these organisms as to whether they could be definitely dif- 
feientiated Bonhof,® for example, concluded that the bacillus of mouse 
t 3 ’'phoid, parat 3 'phoid bacillus Type B, and Bacillus enteivhdis diffeied in 
then pathogenicity for the intestines, but could not be distinguished by 
either cultural, agglutination or bacteiiolytic methods On the othei 
hand, Bock,'^ Kutscher and Meinicke,® Trautmann ® and others, aftei 
cairying out elaborate agglutination tests, weie able to sepaiate Gaitnei’s 
bacillus from the rest of the group Bainbridge,^® in addition to the 
agglutination tests, made use of Castellani^s ^^absorption method ” By 
means of this laborious procedure he succeeded not only in sepaiating 
Bacillus ententidis from the paratyphoid bacillus Type B, and Bacillus 
suipeshfei, but also in drawing a distinction between the two latter 
organisms themselves Bambndge asseits that the Bacillus typlii 
munum has no existence as a definite type All of these investigatois 
agree that the paratyphoid bacillus. Type A, stands quite apart from the 
rest of this group in both cultuial and agglutination reactions 

The case which I have repoited bears a striking resemblance to the 
one reported by BlumenthaB’- in 1904 His patient, a woman, 46 years 
old, gave no history of typhoid oi paratyphoid fever At the operation 
there were found thirty-six gall-stones, cultures from which gave a pure 
growth of the paratyphoid bacillus. Type A The agglutination test was 
positive at a dilution of one to three hundred 

In 1903 PratG- reported a ease of cholelithiasis in a giil, 18 3 eais old, 
who was operated on four yeais after an attack of fevei diagnosed as 
typhoid Cultuies from the gall-bladder and fiom the stones gave a puie 
growth of the paiatyphoid bacillus, T 3 'pe B The patient’s seium agglu- 
tinated hei own organism, but had no effect on the typhoid bacillus 

6 Bonhof Arch f Hyyg , 1904, 1, 222 

7 Bock Alb a d k Gsndhtsamte, 1905, xxiv, 238 

8 Kutscher and Memicke Ztschr f Hyg u Infkr , 1905, hi, 301 

9 Tiautmanii Ztschi f Hjg, 1903, xlv, 139 

10 Bambndge Joui Path and Bactenol , 1909, xiii, 443 

11 Blunienthal Munchen med Wchnscnr , 1904, li, 1641 

12 Pratt Boston Med and Suig Jour, 1903, cvlviii, 137 
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Lorey’s^ case is similar to Pratt’s A young man, 22 years old, giv- 
ing a history of typhoid fever two years previous to his attacks of gall- 
stone colic^ undeiwent an operation Pour stones were found in the gall- 
bladder Cultures from the gall-bladder mucosa showed a pure growth 
of the paratyphoid bacillus. Type B The patient’s serum agglutinated 
his own organism, as did also the serum from two cases of paratyphoid 
fevei 

Evers and Muhlens^^ record the case of a woman, 38 years old, who 
gave a history of three weeks’ illness, characterized chiefly by nausea, 
vomiting and diarrhea Two days before the operation she was suddenly 
taken with colicky pains in the gall-bladdei region, and severe icterus 
developed There was no history of typhoid or paratyphoid fever The 
gall-bladder contained considerable pus and many small stones A pure 
culture of the paratyphoid bacillus. Type B, was obtained from the pus 
Several strains of this organism were agglutinated at a 1-200 dilution of 
the patient’s serum The organisms were also found in the feces It is 
interesting that another woman in the same pavilion developed gastro- 
enteritis shortly afterward, and the paratj^hoid bacillus, Type B, was 
isolated from the stools 

Zimmer^^ has recently reported a ease of paratyphoid cholecystitis 
which was diagnosed from a bacteriologic examination of the feces The 
paratj^hoid bacillus. Type B, nas isolated This organism was agglu- 
tinated by the serum from a case of paratyphoid fever, but the patient’s 
serum failed to agglutinate his own organism There was no surgical or 
post-mortem examination in this case 

Forster and Kayser^® examined the bile of 148 cadavers for bacteria, 
and found the paratyphoid bacillus only once, and that in a case of dia- 
betes mellitus The gall-bladder contained two stones The bile gave a 
pure culture of the paratyphoid bacillus. Type B, but cultures from the 
interior of the stones were sterile In this ease there was no history of 
tj’phoid fever oi paratyphoid fever The identity of the bacillus was 
established by 'The usual cultural and immunity leactions” 

In addition to these six cases of paiatyphoid cholecystitis, seveial 
observeiF have found paratyphoid bacilli in gall-stones that showed no 
pathological changes 

Libman,^® as far back as 1902, isolated the parat 5 '^phoid bacillus fiom 
the gall-bladder in a paratyphoid fever patient who was operated on or 

13 Evers and Mulilens Deutsch Mil-iivtl Ztsclii , 1909, vx win, 3GG 

14 Zimmer Mitt d Gesellscli f inn Med u Kinderli in Wien, , ri , 

15 Forster and Kayser Munchen med Wclinsclii , 1905, In, 14/ 

16 Libman Jour Med Eesearch, 1902, viii, 1G8 
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suspected gall-bladder disease The gall-bladdei was distended with 
thick dark bile which could not be pressed out After the opeiation, 
intense ^anndice developed and the patient died on the following day 
At the autops}^, however, the gall-bladder and bile ducts showed no 
changes 

Lncksch^'’^ has reported a case of paiatyphoid fever that came to 
autopsy Cultures from the bile showed the organism, but there were no 
inflammatory changes in the gall-bladder 

The interesting features in connection with my case are the following 

1 The absence of a history of typhoid oi paiatyphoid fevei Two 
hypotheses may be advanced in explanation of this The attack of fever 
was a very mild one or the case was one of primary paratyphoid infec- 
tion of the gall-bladder Muller,^® Blumenthal,^^ Forster and Kaysei,^'^ 
Chnrchman^® and others have reported analogous infections with the 
typhoid bacillus In the cases of paratyphoid cholecystitis reported by 
Blumenthal, Evers and Mnhlens, and Forster and Kayser, there was no 
histoiy of any previous attack of fever 

In this connection it is interesting to consider the cases of febrile 
icterus in which there have been found agglutinins for the typhoid, para- 
tvphoid and othei intestinal bacteria Rostoski,^'' for example, studied 
forty-one eases of icteius, and found that the serum from almost half of 
them agglutinated the typhoid bacillus Some observers, such as 
Rostoski, and Ludke,^^ believe that the leaction is often due to moleculai 
changes in the blood, but Christian^^ thinks that the phenomenon when 
actually piesent is caused by an infection of some part of the biliary 
tract Ketter and Ribadeau-Dumas^® have reported sixteen cases of feb- 
rile icterus, in fourteen of which the paratyphoid bacillus. Type A, was 
agglutinated by high dilutions of the patient’s serum Of the two 
remaimng cases, one agglutmated the Type B of paratyphoid bacillus, 
and the other Gartner’s bacillus These observers consider the paia- 
typhoid bacillus, Type A, the predominant excitmg agent in febiile 
icterus 

2 Another inteiesting feature of the case which I have just reported 
was the marked agglutinative powei of the patient’s serum In a dilu- 

17 Lucksch Centicilbl f Bacteriol , 1903 vxxiv, Abt I, Ong, 113 

18 Muller Ztscbr f Heilk , 1905, vn, 310 

19 Churchman Bull Johns Hop Hosp , 1909, xx 89 

20 Kostoski Sitz-Ber d phys med Gesellsch , Wurzburg, 1904, p 69 

21 Ludke Deutsch Arch f klin Med , 1904, Ixxxi, 34 

22 Chiislian Boston Med and Surg Jour, 1907, clvi, 536 

23 Netter and Bibadeau-Dumas Compt lend Soc de Biol, 1905, Ivii, 436, 
450 
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tion of 1-200 there was complete agglutination of her own organism at 
the end of one hour The agglutinations weie also specific, the seiuiii 
having little oi no effect on the typhoid or paratj^phoid bacillus, Type B, 
but acting readily on othei strains of the A type The agglutination 
reactions were also positive and specific in the other cases of paiatyplioid 
cholecystitis, to which I have already referred 

3 One other feature of this case is worthy of mention No para- 
typhoid bacilli were found in the feces when it was examined seventeen 
days after the operation Unfortunately, no examination vas made 
before the operation oi immediate^ aftei it The patient, however, had 
most iiiobably been a paratyphoid carrier The cases reported bv Lorei 
Blumenthal, Zimmer, and Evers and Mulilens all showed parat 3 phoid 
bacilli in the feces In Zimmer’s case the diagnosis was made by the 
positive findings in the feces Nearly all mvestigators are agreed that 
the source of the bacteria in tj'phoid and paratyphoid eairieis is in an 
infected gall-bladder That the gall-bladder may act as a reservoir for 
these organisms is evident from the fact that after removal of the 
infected viseus the bacilli, as a rule, disappear from the feces In cases 
in which they persist after removal of the gall-bladder, an infected com- 
mon duct IS pi obably the focus from which the bacteria are discharged 
A considerable amount of experimental work has been done m the 
effort to define clearly the relation of typhoid and paratyphoid fever to 
the gall-bladder Blackstem and Welch-* injected typhoid bacilli intra- 
venously into rabbits, and found that long after the other organs were 
sterile the gall-bladder contained them m large numbers In one of their 
cases typhoid bacilli were found in the gall-bladder one hundred and 
twenty-eight days after the injection 

Forster and Kayser*® repeated these experiments, with similar 
results They found that the same conditions obtained when the bacilli 
were injected directly into the gall-bladder 

Dorr^® carried out some experiments which seemed to show conclu- 
sively that the bacilli reach the gall-bladder by way of the blood-stream 
rather than bj'^ means of an ascending infection from the intestme 
Dorr employed subcutaneous and intiapeiitoneal injections of tj'phoid 
bacilli, as well as administration by mouth, with negative results After 
mtravenous injections, howevei, the gall-bladder contained large numbers 
of bacilli Ligation of the cystic duct before the intravenous injection 
prevented the entrance of the bacilli into the gall-bladder, while ligation 

24 Blackstem and Welch Bull Johns Hop Hosp , 1891, n, 96, 

25 Dorr Centralbl f Bacteriol , etc , 1905, v^xl^., Aht I, Orig - 
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of tho common duct had no such effect Dorr concluded fiom his experi- 
ment'i that the bacilli -weie excreted from the ciiculation by the livei, 
and then passed into the gall-bladder 

Chiaiolanza“° has recently repeated these experiments and demon- 
stiated the piesence of t3Tihoid bacilli in the gall-bladdei even aftei the 
cystic duct vas ligated Chiarolanza also found t3'^phoid bacilli in the 
small intestine after ligation of the common duet 

J Koch"" made a histological study of the gall-bladder in t3'phoid 
cholecystitis, and also in animals in3ected with the typhoid bacillus, and 
cmdd find small nests of bacilli in the terminal capillary ramifications of 
the gall-bladder mucosa Some of these nests had already ruptured into 
the gall-bladder lumen, after pioducing more or less necrosis of the tissue 
about them 

Chian’s^® investigations led him to conclusions quite different fiom 
those of Koch Chian isolated the typhoid bacillus from the gall-bladdei 
of seven out of eight cases of typhoid fever that came to autopsy In only 
two of these eases, however, did the gall-bladder show pathological 
changes Chian could find no bacteria or clumps of bacteiia in the 
smaller blood-vessels, and was convinced from his studies that infection, 
when it did occur, was from within outward 

Poister®® takes the same position He believes that when typhoid oi 
paratyphoid bacilli are taken into the system they pass at once into the 
circulation and reach a lymph-gland where they multiply This occuis 
dining the period of incubation Later they appear in the ciiculation, 
are taken up by the liver and pass into the gall-bladder wheie they again 
encounter conditions favorable to multiplication The bacilli pass out 
from the gall-bladder into the intestine and infect Peyer’s patches 
Woiking on this theoiy, Porstei tried various methods of flushing out the 
gall-bladder in typhoid carriers, but this mode of treatment was not effi- 
cacious 

If the results of Koch and Chiarolanza can be corroborated, we have 
in them a satisfactory explanation of the mode of infection in typhoid 
and paratyphoid cholecystitis The demonstration by Chiarolanza of 
t3’'phoid bacilli in the small intestme, even after ligation of Ihe common 
duct, suggests that the infection of Peyer’s patches is also hematogenous 
and accomplished by the passage of bacilli from the terminal mtestinal 

26 Chiarolanza Ztsehr f Hyg u Infektionskr , 1908, Ixii, 11 

27 Koch, J Ztsehr f Hyg u Infektionskr , 1908, Ixii, 1 

28 CJiiari Verhandl d deutsch path Gesellsch , 1907, xi, 143 

29 Forster Munchen med Wchnschr , 1908, Iv, 1 
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capillaries into the surrounding tissue, lather than, as Forster contends, 
a sequel to the infection of the gall-bladder 

Note — 1 reported tins case of paratyphoid cholecystitis before the New York 
Pathological Society in December, 1909 In the discussion which followed, Dr 
Rosensohm repoited a case of gall-bladder disease, the patient operated on at the 
Mt Sinai Hospital The gall bladder was filled ivith calculi Cultures gave a 
pure growth of the paratyphoid bacillus. Type A, which was agglutinated by a 
1-100 dilution of the patient’s serum 

41 East Seventieth Street 



A CASE OE INFANTILISM WITH ABSENCE OF THYROID AND 

TUMOR OF PITUITARY 
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NEW ORLEANS 

The relation of disease of the hj^pophysis cerebri to certain forms 
of gigantism and acromegaly has been long known and widely confirmed 
clinically We have only begun to realize the wide varieiy and numerous 
combinations of symptoms attributable to pathologic conditions of tins 
little body Its function is still more or less a mystery, and our idea 
of its histologic structure has only recently been thoroughly defined 
Theories of the effect of its internal secretion on general metabolism have 
been widely divergent Clinical observations when correlated with path- 
ologic findings have often seemed to lead to contradictory conclusions 
Tlie era of experimentally produced and scientifically controlled lesions 
has 3ust begun With the accumulation of data from this source and 
from the sharpened clmical observations, we may expect soon to have an 
immense light thrown on this most mysterious of all the mysterious duct- 
less glands With the hope of adding something toward this result, we 
wish to report a case which we thmk presents some new and unusual 
features 

EEPOKT OF CASE 

Personal Htsiory — The patient is a white woman, aged 24, a native of Missis- 
sippi and resident there all her life Her present complaint is of periodic head- 
aches from two weeks to six months apart She was perfectly well as a child, 
had measles at 17 years, has never menstruated She stopped school between 
17 and 18 years of age because' of her health Up to that time she had stood well 
in her classes Her physician. Dr C R Stingily of Pelahatchie, Miss , writes 
that she n as unusually bright as a child She has never had ground itch 

Fannly History — ^Her father and mother are living and well at the ages of 
07 and 62, respectively She is small and slight but fully developed Two sisters 
have died, one of typhoid and one of pneumonia One brother died in childhood 
Four brothers are alive and well One sister is living and has five children The 
brothers and sisters were perfectly developed 

Present Illness — ^The patient broke down at school six years ago and had to 
be sent home because she was nervous After she came home she soon bcame well 
and went to work in the postofGce until June, 1908 In this month she had an 
attack of fever for three weeks It was a very slight illness and the fever was 
always below 102 There was no delirium Dr Stingily says that “troublesome 
eye symptoms were the first to attract attention Then followed headaches, which 
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became more intense every month” The patient says that these headaches haie 
been fiequent during the last three years, but have not occurred more than once 
a month They would usually last twenty-four hours In November, 1908, she 
had an attack of headache which lasted fiom two to three weeks Duiing'that 
time she would forget that she had seen people Sometimes she would seem to 
be in a deep sleep but she was not entiiely unconscious, for she could be aroused 
but could not always speak Of this attack she does not recall anything It 
seemed to her that she was off iisitino- ° 

o 

Physical Examination— May 19, 1909 Slight, childish-looking Veiy intel 
ligent Skin clear Mucous membianes normal Teeth perfect No glandular 
enlargement Skeleton long, no deformity evcept that theie is a slight evidence 
of thickening of the costal cartilages No pubic hair No avillaiy liaii Haii of 
the head is short, but otherwise normal No mammary development The thv 
loid IS not palpable Lungs normal Heart normal, pulse 116, blood piessuie 
low, but not measured Spleen not palpable Liver not palpable No scais on 
legs Uterus is infantile Ovaries not palpable 

Measurements 


'7s 

!% 


inches 

inches 


Height, 5 feet 2 inches 
Head Fronto occipital ciicumference, 

Mento-occipital ciicumference, 

Chest At rest, 25 inches 

Full inspiration, 26% inches 
Full expiration, 23% inches 
Arm, 12% inches 
Forearm, 10% inches 
Thumb, from wrist to tip, 4% inches 
Fust fingei, from wrist to tip, 6% inches 
Second finger, from wrist to tip, 7 inches 
Third finger, from wrist to tip, 6% inches 
Fouith finger, from wiist to tip, 5% inches 
Pelvis Ciicumference at anterior superioi spines, 26% inches 
Ciicumference at anteiior great trochanters, 27% inches 
Thigh From anterior superior spines to internal condyle, 18% inches 
From symphysis pubis to ground, 33% inches 
Blood Examination Hemoglobin, 85 per cent 

Red blood cells, 4,800,000 to the c mm 
Leucocytes, 6,200 to the c mm 
Differential Count 

Polymorphonuclears, 60 
Large lymphocytes, 13 
Small lymphocytes, 18 
Transitionals, 7 7 
Eosinophils, 1 3 

Uiine Sp gr, 1006, acid, no albumin, no sugar, no casts 

Hem ological Examination — June 14, 1909 The reflexes shoved no abno 
malities which could be considered pathological They were all actne and equal 
on the two sides Babinski’s sign was absent Sensation to pain and touch, hea 
and cold, showed no disturbances There was no disturbance in the tuning lorK 
sensation or in the sense of position The patient was perfectly ^ 

izing all points coirectly There was no ataxia Rombergs sign ‘ 

Examination of the cianial nerves, with the exception of the ' 

negative 


The hemianoptic pupillary reaction was not present 


The 1 isual fields 
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weie heinianoptic foi colois only The A\hite field showed patches in ■s\hich theie 
was still capability of distingiiisliing a moving object 

Radiofjj apliiG Exaimnation — June 15, 1909 Eadiogiaplis of long bones (Fig 
2) show lack of ossification of epiphjses Eadiogiapb of skull (Fig 3) sho^^s 
enlargement of sella turcica Radiogiaph of thoiax sho^^s no substeinal tlnioid 
and no lemains of thymus 



Fig 1 — Patient in case of infantilism with absence of tluioid and tumoi of 
pituitaiy 


Couise of Disease — 


Weight 

Tempeia 

Thyroid 


Pulse 

Lbs 

ture 

Gis 

Mav 20, 1009 

114 



2 twice daih 

Ma} 21 1909 

114 

09% 


2 1 1 d 

JIaj 22, 1909 

114 


08 4/5“ 

2 foni times daih 

Maj 24, 1909 

132 


08 4/5° 

4 t 1 d 

Mat 25, 1909 

132 



4 t 1 d 

May 20, 1009 

140 

09 

99 1/2° 

4 t 1 d 

May 31, 1909 

138 

69% 

08 4/5“ 

14 dailj 


June 12, 1909 Ihe patient has been recumbent most of the time «ince last 
note Pulse has been about 120 lanig and about 150 sitting '’ilnroid has been 
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giadually inci eased to gis dailj', winch the patient has been taking foi five oi 
siv days No change 

June 16, 1909 Thyroid leduced to 6 giains daily 

June 18, 1909 Tlie patient has been feeling weak, has had slight headache 
foi two 01 three days This staited aftei perinietei examination on June 14 
Patient allowed to go home Tlnioid stopped Pituitaiy extiact leeonimended 



July 3, 1909 Di Stingilj writes “Patient seemed Jo’^slttm- 

returned Under the pituitaiy extract hei pulse has She non 

and 98 standing, nith an appieciahJe increase in volume a p 
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w'Gjglis 70 pounds One thing that is of seeming impoitance to me is that she 
voluntaiilv states that ]iei eyesight is impioMiig Mithni the last few dajs” 

Aug 11, 1900 Dr Stingily lepoits “Patient continues to inipioie in the 
uay of geneial health She says of heiself, ‘I neiei felt hettci in all nii life’ 
Hei u eight inci eases something moie than a pound a ueek She is "set taking the 
pituitary evtiact, 15 minims aftei each meal” 

Aug 19, 1909 Dr Stingily writes “Hei impiovement has suddenly stopped, 
and dunng the last few days she has lost tuo pounds of her lecentl-^ acquiied ten 
pounds She is temporarily out of pituitai^ e\tiact The pulse lemains within 



Fig 3 — Kadiogiaph of skull, shouing enlaigement of sella turcica 

1101 mal lange Hei haii is giouing, she thinks, at a late it has not gioun 
hitheilo I think she is much better than when lou last ^aw hei ” 

Kov 9, 1909 Patient piesented heiself again She looked well The hair on 
the head had giown consideiabh She said that she had gained 15 pounds She 
had no headache Blood piessuie, 110. pulse 100 sitting, -skin, especially that of 
the bick of the hands was diy 1 he hemianopsia on lOugh test, seemed unchanged 
Opeiatne piocediiie has of couise been considered, but tlie patient and hei 
people aie Molenth opposed to it In new of the lomarkablc impioiement, we 
feel that the Inal of the pituitan extiact has been justified and we aie still 
unwilling to insist on an opeiation at this time 
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Snmmauj of Case — A woman of 24 3 'eais, infantile in tj^pe, and veij' pooily 
nouiislied, piesentmg no evidence of acioniegaly oi ^gigantism Eadiogiaplis of 
the long hones show failuie of ossifieation of epiphj'ses Absence of sexual devel 
opment Aiteiial hypotension Bitenipoial hemianopsia Intiacianial piessuie 
indicated only by fiequent headaches Athyieosis Eadiogiaph of skull shows 
enlaigenient of sella tuicica 

COMMENTS 

Seveial asjDects of tlie ease oi^en up interesting fields of speculation 
Befoie discussing these, a hiief review of the histogenesis of the pitiiitaiy 
may not be out of oidei 





Fig 4 — Eight visual field showing hemianopsia foi led 


The h3fpoph3'’sis is developed fioin two distinct souices the anteiioi 
pait fioni a diverticulum fiom the buccal cavit3h the so-called pouch of 
Rathke, the posterior pait is developed fioin a downward growth of the 
second cerebral vesicle — ^the infundibulum This in later life becomes 
intimatety connected with the anteiioi part, but in the adult human 
subject it ma3'^ be easih’’ separated The infundibular part ma3' be diiided 
into two portions, the neiious part piopei and the intermediate pait 
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I'lie lattci IS foimed by epilbeiial investment of the posteiioi lobe with 
its npwaid extension of the ontei Mails of the stalk of the mfnndibulum 
Tlie neivoiis poition of the anteiioi lobe is made up of epend3inal and 
ueniogliai tissue, and does not contain am tiue iieive cells The pais 
inteiinedia contains cells ivith eosinophilic gianules These colls aie 
aiianged in the foim of tubes oi acing and have a teudenci to seciete 
colloid The anteiioi lobe is made up of gioups of cells distiibuted in the 
neighboihood ol thin-v ailed venous cmuses 



In viev of the common ongm oi the th^ioid and pituitan, tlieii 
similai stiuetuie then appaient i elation in disease, it is natuial that 
thei should be supposed to be mutualli supplemental} and to act 
Mcaiioush one foi the othei Just as thyioid diseases may cause adi- 
posili and nn xedeniatous conditions oi the skin lu^t ^o these change^ 
ha\e been noted in connection with Inpoplnseal changes Ton Eeu':': 
noted hemianopsia in the conise of the fouiteenth fifteenth and sixteenth 



520 IKFANTILIf^M WITR ABSENCE OF THYROID 

pregnancies^ and its distuibanee duiing the pueipeiiuni He attiibuted 
this to hypeitiopby of the li3poph3sis at this time This is analogous to 
the enlargement of the thyioid during piegnancy Kogowitsclg Gley, 
Stieda and otheis have obseived li3pertiopli3 of the pituitaiy vhen the 
th3roid vas lemoied Eogowitsch also believed that the non-occurience 
of simptoms aftei thyroidectomy in labbits is explained by the compara- 
tively large size of the pituitary in these animals Coulon, however, found 
in five eietins, both thiroids and pituitaiies atrophied Boyce and Bead- 
less have found the pituitar3 enlaiged in ni3xedema cases There are, 


ofr 



iig 6 — Right Msiial field ‘-hoMiiig complete and partial loss of ■nliite iision 
in tenipoial half 

hovel ei, obseiiations which go to show that changes in one gland mai 
exist without changes in the othei It seems to us, theiefoie, natuial 
to suppose tliat the absence of the th3io]d in oui patient stands in diiect 
1 elation to the enlargement of the pituitar3 Ma3" it not vei3 veil bo 
that the pituitan, in acting vicaiioiisly for the thiioid (vhich foi some 
unknown leason ha': failed), has become enlaigecH The idea is not a 
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ne\^ one, but llieie aic amcIoI} clixeigent ^]e^\s a= to mIiicIi poition of the 
pituiiai’^ IS aflected consequent on iemo\al of the tlnioid J puou, one 
uou]d suppose that on account of ils similai stiuctuie and oiigin, it 
iiould he the antenoi lobe of the pituitai} ^^hich -siould be affected 
EogOMitscln Stieda Gle^, Holineistei, Pisenti and A^iola, >Schonemann 
and olheis, indeed linve lepoited changes in the anteiioi lobe consequent 
on the lemoval oi disease of the thyioid lieiiing, on the othei hand, 
contioveits this, and concludes fioin a senes of expeiimental th)ioid- 



1ms 7 — Left Msinl field fcliowing complete iiul paitnl Id's? of ulnte \mon in 
ttnipci i! !i lit 

octoinies on labbits cats and a dog that the opeiation caines no change in 
the antenoi lobe at all but in the postenoi lobe 

Remonl of the tlnioid boc]\ i exults in an inci eased pioduction of colloid In 
the pituitan The noinial mode of secietion bA the postenoi lobe of the pilmtan, 
winch IS the onh lobe concei ned in the production of colloid appean to consist in*a 
comc^ance of gi nuihi oi Imlin mateiial b^ cells of its epithelial coicnno-, 
iinadmg and pas'^ing thiough the pais nei\o=a into the infundibulai icccss, when 
the colls bleak down to libeiate then pioducts into tlio ceiehiospiml fluid 
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Th^ioidectomy bungs about an e\aggeiation of the piocess Hoav far the changes 
aie to be legaiclecl as compensatoiy foi the loss of the thjaoid is not yet detei- 
mined Then i elation to the pioduction or anielioiation of the symptoms which 
in many animals follow lemoi al or disease of the thjnoid is also a matter for 
fui ther investigation 


The fact that thyioid feeding did not benefit oui patient (though she 
leacted piomptly and easily) might be intei preted in one of two ways 
In the fiist place^ we might assume that the vicarious action of the 
pitiutaiy had been quite sufficient and that any additional thyroid action 
Mas not only supeiflnous, but haimful Or, -we must assume that the 
absence of the thiioid has been a coincidence and has pla3'’ed no pait m 
the cluneal pietiiie she piesents We aie inclined to the former vieiv 
We Mould like to suggest fuithei that the vicaiioiis enlargement of 
the anteiioi lobe has by piessuie caused inteifeience Muth the function 
ot the posteiioi lobe It is umll knoum that udiile the extract of the 
anteiioi lobe is pin siologically ineit, that of the posterior lobe has a 
poM'eiful blood-pi essuie-iaising action similar to that of adrenalin Since 
the patient has been taking the extract of the postenor lobe she has 
impioved In this connection we wish to suggest a modification of the 
classification mentioned by Harvey Cushing in the summaiy of his 
adiniiable oiation at the last meeting of the American Medical Associa- 
tion He catalogues the distuibances of the pituitary undei the headings 
of 111 pof unction and hvperf unction of the anteiioi lobe We think it is 
neeessan to eonsidei hjpof unction and hypei function of each lobe sep- 
aiateh, as it seems iiioie than likely that then functions aie distinct and 
separate 


The 3 elation of the h} poph} sis to the othei glands Muth internal secre- 
tions, the adrenals, the sexual organs and the th3unus also calls for atten- 
tion Has the failuie of sexual development in this patient been 


dependent on a lack of an unknoum substance Minch the h3'pophysis 
should suppl3 in older to stimulate the sexual organs to put foith m 
then piopei turn then internal secietion? Oi is the failuie of sexual 
charaetei istics independent of the pituitary disease and due solely to 
piimaiy conditions in the sexual organs themselves? It M'ould be inter- 
esting to determine Mhetliei ovaiian extract umuld cause this voman 
to develop breasts and pubic and axillary ban What might testicular 


extract do foi liei ^ 


And finally, the skeletal changes aie to be explained Theie is a 
long-lmoAvn connection betiveen aciomegal3'^ and j)ituitar3' tumors 
lnpopli3seal disease mar cause bjpeitioph}^ of tlie bones of the extienn 
ties, IS it not plausible to suppose that it is also responsible foi the ai u 
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of file opipli^ses to oscif} 2^^opcll^ ^ ^^o coiisicloi, tlieicfoie that the 

bone condition in oui patient is diiccth due to tlie ]i}pnphAccal clianges 

In eouclnsions mc oflei the following cuirgestions 

V? V, C 

1 Tlieie has been an enlaigeinent of the anteiioi lolie of the pi tin- 
tan acting Mcaiioiisli ioi the tlnioid 

2 Tins laige anteiioi lobe ha^ caused an inteifeience uitli the po^:- 
teiioi lobe causing (a) low ijIood-pics‘?uio (h) faihne ot stiinulu'? to 
ce\ual oi"ans, (c) faihne of ossification of epiplnsec 

C02 Poiiiii Biiikliii" — 124 Runntic* Stiopt 



A CASE OE TRICHINOSIS, WITH RECOVERY OE PARASITE 
EROM THE BLOOD AND MHSCLE 

WILLI A]\TTrT«figCI^M AXD JOSEPH H BARACH, AID 

^PIllSBUPG, I*A 


Dis Heniek and Janewa} >■ lepoit the fiist case of tuchmosis in iihieh 
the embiyo of the paiasite was found in the blood We nish to lecoid 
lieie anothei, which, so fai as we know, will be the second case The 
histoi}^ IS as follows 


Patient — C Sj Case No 857, male medical ward, South Side Hospital, ad 
mitted Dec 24, 1900, with tlie diagnosis of acute nephritis, which was made bj 
the lesident on the anihuJance seivice, being based mostly on the facial edema, 
which involved the eyelids veiy inaikedly Aftei the patient was in the uaid foi 
seveial days, it uas found that, so fai as could be estimated by the uiinalysis, the 
kidney condition alone did not seem to be seveie enough to account foi the 
niaiked facial edema, especially as it peisisted after the albumin and casts had 
diScippeaied fiom the uiine by the thud day Hie patient, being an Italian, could 
not give a leiy definite and satisfactoij’' liistoiy of the onset of the disease, so 
that he was tieated symptomatically foi about a ueek The most prominent sub 
jective s}mptom was muscular pain Foi this he was given salicylates, uhicli 
had, so fai as could be seen, no beneficial effect Theie M'eie no symptoms tint 
were suggestive of muscular iheumatism other than the muscle pains, and even 
these weie too definitely localized within the belly of the muscles On entiance, 
the patient’s pulse was 105 and tenipeiatuie 100 F , the fever and acceleiation of 
the pulse subsided within foui dajs and lemaiiied at about the noiiml point until 
he was dischaiged 

Examination — On Dec 29, 1909, a leucocyte count of 11,000 was leported, but 
this was passed ovei as insignificant On Jan 6, 1910, it occiuied to one of us 
chat the patient might be sufieiing with tuchmosis, and a leucocjte and differ 
ential count was at once made The blood examinations weie made by the 3U11101 
authoi of this papei Januaij 0 Leucocytes, 13,400 pei cubic millimetei , 
polynucleais, 02 5 pei cent, small mononucJeais, 18 per cent, laige mono 
nueleais, 1 pei cent , tiaiisitionals, 0 5 pei cent , eosinophils, 17 per cent , mast 
cells, 1 per cent The eosinophilia ivith the tuo clinical symptoms, facial edema 
and musculai pains, suppoited the coiieetness of the suspected diagnosis Bloo 
examinations eveiy othei day foi ovei a week shoved that this eosinoplu m 
vaiied fiom 17 to 25 pei cent, vhile a mild ieucocytosis peisisted On Jan 1 , 
1910, following the method of Staubli, 10 cc of blood weie taken fiom the median 
cephalic vein, diluted and centi ifugalized After a seaich of scaeial houi s, t«o 
embnos of the paiasites veie found in one field These coiiesponded exactly in 
size, foim and chaiactei to the photograph m Heirick and Janeuay s ai ic e, an 


The case was lepoited at a legulai meeting of the Pittsburg Acadeinj of 


Medieine, Jan 25, 1910 

1 Heiiick, W W, and Janeuaj, T C 
spttahs in the Cnculating Blood of Man, The 


Demonstiation of the Ti ichmcUa 
Akchiies Ixt Mrn, 1909, in, 263 
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wcic studied bA both of us leiAing no doubt as to the intuie of oui tiudiugs As 
it happened on a SundaA eAcning it u is iinpO'«ib]e for us to liaie a photonncio 
giaph taken Tuo dais latei anotliei ceaich of the blood was unde but this 
pioied negatue On Jan 23 1010 a small piece of the left gasliocnenmis was 
lemoAed and in this a huge nuinbei of paiasitcs weie found one of tho'-e was 
photogiaphed Ihe gieat nuinbeis of paiasites found within a len small piece 
of muscle seemed leinaikable 

Laid InstoiA of the ca«e dc\ eloped the facts that in the boai ding house in 
which this patient Ined, foui otheis weic afllicted with the same iilment and 
that thej all ate poik fiequenth Fuitheimoic it w'as detei mined that at the 
onset of this attaek the patient had had gastiointestinal SMiiptoms of model ate 
se\ eiitA 



Tiiclnna; found in a small piece of the left gastiocnemius 


SUMMAia 

All consKleied the subiectne stniploms in the ca=e as it pioscnts 
itself to us weie as follows Gastio-intestinal distuibance, lollow'ed 
geneial illness of which edema of the iace and se\eie pain in the imi=cles 
weie the mam featiiies 

The obiectne simptoms weie edema of face model ate leiei tem- 
poian albiimmuiia and c^lindiinia painful tendei and swollen muscles, 
mild leucocitosis and a maiked eosinophilia This led to the elmical 
diagnosis whicli was leiified bi finding embnos oi the paiasite in the 
blood and fuithei dei eloped paiasites in the muscles 

Fifth AAenue and St James Stieot — -1502 Fifth AAcnue 
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Histoby of Yellow Fe^er By Geoige Augustin, Assistant Secietaij, Louisiana 

Ptate Medical Society Cloth Pp 1194, with illustiations Puce, $0 00 Yen 

1009^”^ I^wJ^^ished foi the authoi bj Seaicv &, Pfaft, 724 Peidido Sheet 

Yellow fevei has been annihilated in its classic abodes— Cuba and the Isthmus 
of Panama A tuining-point in its histoii has been i cached, and though the histoii 
of the discoveiy of the cause has still to be mitten, it is not likeh that the epi 
demiologic cliapteis mil e\ei be lepeated, and it theiefoie seems fit mateiial foi 
the histoiian The piesent noik is evidentl}' a laboi of love, and the authoi 
deseives much piaise foi doing as well as he has He would doubtless leceiie 
moie had he not ofleied so much Neaily foi tv pages aie gnen to a desciiption of 
othei epidemic diseases, mth many cuiious bits of medical histoij^ tin on n m 
This IS pieceded bj a chaptei on definitions and consideiing that the book is 
intended paitly foi “the infoimation and guidance of the pnbhc,” it is iiiifoi 
tunate this could not have been done by a tiained hand The definitions of “infec 
tion” and “contagion” foi example, aie such as might liaie been mitten in the 
fifteenth centuiy and squaiely state that 3 ellow fevei is not infectious (p 3) A 
chapter on “Insects as Piopagators of Disease” is inteiesting but does not men 
tion the most lemaikable foieiuiinei of Fnilai’s discover, nhose name appeals in 
a bibliogiaphic list neai the end of the book The “Pieliminaij' Obsenations” end 
with a chaptei on the “Ciadle of Yellow Feiei,” vliich the authoi thinks was 
Asia Following this is a ‘ Histoij' of Yellow Fevei hi Localities,” omitting 
mth an apology, the West Indies and South Ameiica, and filling, eieii mth 
that omission, nearly 900 pages The toil necessaij' foi such a compilation iiiiist 
haae been colossal, but the value of the mateiial can be kiiomi only to those nho 
aie obliged to tiy to get soiiietliing out of it Tlieie is no index to this oi iin of 
the othei nunieious data The lemaining 160 pages me devoted to the epidemic 
of 1905 The histoiv of that epidemic well deseives to be made accessible to the 
medical, as veil as the la\ leadei In the piesent foim, the chaptei s have an 
additional inteiest because they weie aviitten by actual jiaiticipatois in the stiug 
gle I he cliapteis on diagnosis, by H P Jones, pathologi, bi 0 L Pothiei 
and piognosis, bj^ Chassaigiiac, aie most inteiesting The chaptei on treatment is 
wiitten bj’’ one vlio claims to have tieated “mei 230 cases vitliout a death” a 
statement that might well discouiage othei s, especiallj ivhen thei leaiii that the 
author thinks it pioved that j'ellov fevei is not caused hy a miciobe When ve 
leaiii that he vas once secietaiy of a state boaid of health we can undei stand 
some of the difficulties of public health in his section of the conntn The book 
should be in eveiy medical libiaij^, notmthstanding the difficulties that attend its 
studj and use 


Leiikbuch dee Kexnkheitly des Hekzexs lno dee Blutgeeasse Bi Di 

Rombeig, Diiectoi of the IMedical Clinic, Tubingen Second edition Irico 
cloth, 14 maiks Pp 473, -mth 69 illustiations Stuttgait Feidinand Enke 
1909 


The appeal mice of the second edition of Rombeig’s “Diseases of the Heait and 
Bloodvessels” mil be veleomed by eveiy one vho is fainiliai mth the pre\i 
edition 01 who desiies a cleai and concise woik on this subject 
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In the intioihictoi V cliaplei^ the ant hoi icfeis to the iccent de\elopnicnt of 
aecuiatc method^ foi stndjing the neait b\ instiunients sncli 0*5 the sphjgino 
giaph caidiosplnginognpli electi ocardiogiapli and ortliodigiapli and the danger 
of o\ei estimating the ^a]ne of these nenei nittliods and dianiiig conclusions from 
ob«enations obtained b^ a single method of obseiiation He coiisideis these newer 
methods as Aaluablc aids rathei than means that imII dispense Mith oui prcMons 
methods of examinition Ihe interesting subject of means of detei mining the 
functioning ponei of the heait is leiieMed and the conseiiatne concliision drann 
tint all of oui pie'Cnt methods foi dctei mining the functionating powei of the 
lieait aic inaccuiate ind some of them dangei ons lie lefcrs especialh to the fallaci 
of Kning too much sticks on the laliie of blood-piessnie and pulse late 'Ihe chap 
teis on ^al^nlal lesions and chionic insulTiciencj of the heait muscle aie especialh 
complete and iiell aiianged and the subject is considered 111 a leiv logical and 
sane manner In the discussion of acute endocaiditis the lalue of blood cultiiies 
111 the diagnosis is not sufficienth emphasized The treatment instead of being 
dnemsed at the end of each chaptei is postponed and taken up aftei the discus- 
sion of lahulai and muscular caidiac distni bailees dins permits of gieatoi clear 
ness and ai oids needless repetition The authoi de\ otes 98 pages to the discussion 
of the treatment of those two conditions Nothing eien in the slightest detail of 
ticatment has been omitted and, on the other hand methods of tieatment or dings 
lecogni/ed as of little lalue aic merelv refeiied to The phj siological action, indi- 
cations and contiaindications foi digitalis aie piesented len completeh The 
authoi calls attention to a fallacj too wideh disseminated that digitalis is con- 
ti aindicated in aoitic insuflicicnc> and diseases of the hcait-imiscle Like most 
Geiman phjsicians, he piefeis the powdered lea\es 01 an infusion of digitalis As 
the plant glows abundanth 111 Gcimanv, and stringent laws compel the pnaimacist 
to leiiew the leaies each real this adiice is good but not necessaiih applicable to 
Ameiica where we import oui leaies and wlieie the supph on hand must be dis- 
posed of before new leates are pui chased The titrated tincture is well spoken of 
The lalue of the book is enhanced hr an excellent bibliograpln pains hating been 
taken to in«eit the exact title of the paper lefeiied to rather than merely the 
authoi ’s name and the title of the journal in which it was published An omission 
too conimon in all Geiman publications is adequate leference to American litei- 
atuie 'Ihe illustrations although not mimoions are well executed and enhance 
the -value of the book The authors wide clinical experience and his conciseness 
and clearness of expiession lender the book of gieat value to those inteiested in 
caidiovasculai diseases 


Tlbercllosis a Tieatise In Aineiican Authors on Its Etiology, Pathology, 
Fiequencv Seniiologv Diagnosis Prognosis Prevention and 'Ireatment. 
Edited bv Arnold C Klebs TI D Cloth Pp 939 vv ith 3 colored plates and 
243 text ilhistiations Price 9G New Yoik D Appleton <L Co 1909 

In piepaiing a review of this volume the leviewei fullv appieciales that it is 
alwavs much easier to ciiticize than to construct It should he within the 
pi ov nice of a levievvei to emphasi/e meiitoiious aspects of a work as well as to 
note possible defects It is impossible however within the limits of this article 
to consider the points ot excellence as fnllv as desiied Ihe li=t of contiibntors 
would lead one to expect i volume of exceptional worth and indeed sovcial 
articles ire especialh good Several Olliers which deseive some criticism never- 
theless contain much useful information and the vvnieis are entitled to favor- 
able mention While =ome poitions aie paiticnlailv piaiseworthv the production 
III loio must be legaided as something of a disappointment Befoie commenting 
on the individuil ai tides it is well to note a few featuie- peculiar to the book as 
1 whole 
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Ihe same subject is occasionally discussed by two oi nioic authois and differ- 
ing opinions are sometimes expiessed For example, Minor and Eavenel disagiee 
as to the use of the Gabbett stain, RaAenel desciibing it on page 1C as “a very 
convenient method foi the practitionei ” Minor, on page 330° states that the 
method is “uncertain and should ne^ei be used ” Eavenel states on page 35 that 
“the digestive tiact is an important if not the most impoitant avenue of entiy foi 
the tubeicle bacillus” Von Pirquet on page 143, states that “this route seems to 
play a \eiy insignihcant lOle” In administeiing tubeiculin. Minor recommends 
“diiving the needle veiticallv into the muscles up to its socket, which avoids all 
veins and is less painful than the subcutaneous method” (page 342) Bioivn, on 
page 523, insists that the tubei culm ‘^should be given subcutaneously ” 

Kot only is such conflict of ideas exhibited by diffeient writers, but mcon 
sistencies by the same authoi occasionally appeal Thus Eioivn, on page 532, 
states that an inciease of cough and expectoration following the administration of 
tuberculin “is not the wiitei’s experience In many instances both cough and 
expeetoiation aie i educed following the injection” On page 553 he says, “The 
cough and sputum aie fiequently inci eased aftei tubeiculin” 

A euiious feature of the book is the mass of “Addenda” which is taken fioni 
the published abstiacts of papeis piesented at the Intei national Congiess on 
lubeiculosis Some of this is quite melevaiit to the subject matter of the 
icspectiie chaptcis Hie book w'ould haie been mateiially unproved had the 
editoi taken pains to institute a selective leview of these abstiacts and incor 
pointed tho‘'t woithj' of inclusion in the text in their appropriate places 

Among the impoitant omissions mav be noted the absence of any description 
of tubei culosis of the pleuia, tubei ciilosis of tlie mediastinal and mesenteric 
glands, tubei culosis of the appendix oi of the gums, tongue, and palate It is 
singulaily unfortunate that theie should be no discussion of the etiology, path 
ologj, eouise, symptoms oi diagnosis of pleuiisj% eithei existing alone or as a 
complication of pulmonaiy tubei culosis The wdiole subject of empyema is dis 
posed of in six lines and pneumothoiax in a ver-^ few' lines, while no mention is 
made of pneuniopjothoiax A book of this scope should contain a thoiough and 
compi ehensive consideiation of geneial miliaii tuberculosis While the patholog> 
is ably discussed bv Di Ilektoen the clinical featuics of the tjphoid and pul 
monaiy types are described veiy biieflr in anothei portion of the book Meningeal 
tuberculosis is not discussed, save from a piiiely suigical standpoint by Dr 
McAithui The renew'd is unable to find any refeience to the lesearch woik at 


the Phipps Institute 

Notwithstanding these legrettable omissions the book beais evidence of most 
consistent “padding” throughout This is lepeatedly shown bv the blank portions 
of the pages at the end of each chaptei, by the unnecessaiy spaces allotted to 
tables, eliaits and diagrams, and by the ehaiaetei of the illustiations As a sing e 
example of the padding to w'hieh the publishers hare lesoited the leadei is 
leferred to page 74b, nearly all of which is unfilled, and to the following page 
750, on which tw'O shoit paragraphs aie permitted to constitute an cntiie chap er 
Another instance w'hicli is similar to several thioughout the book ilia's be own 
on page 387, four-fifths of which aie blank and all of the thiee following pa^es 

A few of the illustiations aie worthy of commendation, notablj the radio 
eraphs of diffeient stages of pulmonan tubei culosis, the figures in the chap ei 
on “Tubeieulosis of the Bones and Joints,” and Plates II and III “ 

three colored plates, two of which aie oiiginal The illustrations of 
specimens are not especially good Ten complete pages aie deioted to sn 
mg of thiity-eight ehaits of raiious stages of tubeieulosis r 

cions, particular j in the chaptei s on prophylaxis appeal of but sir ht . y, 
piactical value Some of these hare alieady appeared sereial tmies i 
L tides It IS difficult to eoncene how am special lesion can be imparted bj the 
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pictiniTig of Oldman baskets, sboiels spades forks and pickaxes, made use of In 
pulinoiiiiv iinalids In Appendix VII, entitled “Dcmccs foi the P^e^entlon of 
liibeicnlosis ” aic found fioin pages 832 to S53 GO illnsti atioiis lopiesenting aaii- 
oiis kinds of cuspidoiSj pocket flasks, suction masks, leclining chairs, poi tabic 
cots, tent flames etc, leminding one of the ad\eilising catalogue ot a suigical 
instniment bouse 

In leviening the aaiious cbapteis attention can neccs«aiih be diiccted to but 
a few featiucs llie intiodueton ai tides bv Dis Osloi Tiiidcau and Biggs can- 
not fail to be of inteiest to the leadei nlio lionoiei must cxpeiience a degiee of 
disappoinlment in then extieme biciita Di Oslei s contiibution consi‘?ting of 
eight pages of bistoi ical niattei , Di 3 1 ndcaii s t\\ o and one half pages and Di 
Biggs’ about one and one half pages 

Chapter I, on “The liibercle Bacillus” bv Di Maz'sek P Raaenel is espe 
cially good and constitutes one of the excellent featiiies of the book It is to be 
iigiettcd, bowevei, that a most important subject, llie 'J lansmissibiliU of 
BoMiie Tubeiculosis to ITuman Beings,’ is disposed of in a page and one half 
among the “Addenda’ Dr Baa end’s discussion is laigely confined to a biief 
lefeience to the “conference in canieia” at the Intel national Congiess on luber- 
culosis at asliington He does not pieseiit a compi eliensn e lepoit as to the 
piesent status of tins vitallv interesting question I be leMcaaer suggests that 
confusion miy anse fioin using the ferni “pseudotubercle bacilli” as synonj^mous 
with acid fast bacilli TJndei “Ibe Iilode of Imasion’ no leference is made to 
haensson’s lecent expei inients The names “laaicbell’ and “Hide's o’ aie niis- 
spellod 

Cbaptei IT, on “lubeicle and !Moibid Anatoma,” ba Di Liidaaig Ilektocn is 
adinnably piesented and is indeed one of the stioiigest ai tides 

Cliaptei HI, entitled ‘Resistance Pi cdisposition and Immunita ” ba' Dr 
Edaaaid R Baldaaun, is an able concise leaieaa of the subjects as might be expected 
fiom tins as liter The name “HacFadyean” is misspelled 

llie cbaptei on “Ibe Fiequeiica of Tubeiculosis’ is aantten ba the cditoi Dr 
Klobs Seaeiil pages aie deaoted to the nisei tioii of tables and diagiams taken 
f 10111 the taaelftli United States Census Repoits The ticatment of the subject is 
somcaaliat elemental a Little attention paid to giammatical consti uction, an 
instance being noted in the incoirect English in bis aeiv fust ccntence 

Jbe cbaptei on “lubeiculosis Among the Dai k Skinned Races of Anienca, ’ by 
Di Iboinas D Coleman, is of consideiable inleiest but exhibits eaidence of hastj 
piepaiation A large piopoition of the text conceining tuberculosis in the Indian 
IS composed of quotations fiom otliei aaiiteis 

Ibe chapter on “Fiequenca of lubeiculosis in In=ane Asjluins ’ bv Dr Rich 
aid C Ilutcbins is inteiesting, aaell aantten and suitably illustrated 

Ibe cbaptei, “lubeiculosis in Childhood ’ ba Di Clemons a on Pirqiict com 
puses seaen pages of mateiial for aabicli the cditoi adopts a semiapologetic tone 
in the footnote ba stating “Tins aiticle doe=: not undeitake to leaieaa the subject 
'la stematicalla Xeaeitbeless the contribution altbougb of a biief intioductoia 
natuie and in«eited in the gencial samptoniatologa is of mucli aaluc It is iinfoi- 
tunate, boaaeaei that in a book of tins si/e so iinportant a subject as tubdculosis 
111 clnldbood is not accoided moie complete and sa^^tematic tieatment 

Ibe cbapteis on “Sa inptoinatologa of Piilnioiiaia lubeiculosis ’ “Plnsjcal 
Exaiiiination and “Diagnosis ’ ba Di Cbailes L ^Iinoi aie aaoitba of detailed 
iiiention ^^ucb that be has aantten is excellent altbougb the airangcment is not 
alaaaas as logical oi the manner of pi esentatioii as clear concise and forceful as 
might baae been expected Ibe author ba= in main instances made lefcrences to 
the liteiature instead of giaing the results of Ins oaan person il obseraation For 
the general piactitionei this detiacts fiom the aalue of the contribution Dr 
Minor deaotes iiiucb time and space to the pbasical signs of carla tuberculosis. 
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without due and piopei emphasis on those featuies which aie of the most common 
occuiience and of chief impoitaiice The aiticle on the Roentgen lay is especially 
inteiestiiig, as aie also those on the blood and metabolism Much A'ahmble 
infoimation may be obtained thioiigh peiusal of the aiticle on “Objective Signs” 
and the chaptei on “Physical Evamniation ” Hie attention to detail e\hibited in 
the examination of the patient cannot be too highly commended A leview of Di 
Minoi’s ai tides liovevoi, vhich compnse a laige poition of the book, must 
include uiention of some inaecui acies of statement and a fen omissions These 
defects aie not alna’is of a veij seiious natuie, and it is of couise impossible in 
a contiibution of this length to e\pect that mistakes can be entiielj avoided 
It IS not alwaj’s tiue that the tubeiculosis nliicli develops aftei pregnancy is 
necessaiily of an acute, lapidly advancing bionchopneunionic type as implied On 
page 150 the authoi la'^s too much stiess on the undue cljspnea and cyanosis “as 
the two most typical symptoms” of the typhoid tjpe of miliary tubeiculosis 
These manifestations may be quite insignificant in the tjphoid vaiiety, but repre 
sent the two most chaiacteiistic featuies of the pulmonaiy type of milikiy tubei 
culosis On page 157, Di Minoi desciibes the “bioncliopiilnionaiy foim” as begin 
ning with a “not veiy diffuse bionehitis showing isolated aieas of cataiih of the 
hne tubes” In general the initial physical signs i elate to a veiy widely diffused 
bionchiolitis, the chief distinguishing featuie being the disti ibutioii of veiy fine 
lales thioughout the entiie bionchial tiact On page 169 Di IMiiioi advocates 


the use of the coal-tai antip'^ i etics foi fever, which is not in stiict accordance 
with modern ideas On page 197 he savs, “Dysphagia is piacticalty never piesent 
in eailj’' cases of tubeiculous laiyngitis” Such a statement is, obviously, incor 
leet, as this symptom depends entiielj on the location and charactei of the tubei 
culous piocess in the laiynx In cases of eaily ulceiation of the epiglottis and 
aiytenoids the dysphagia may be the v'eiy fiist subjeetiv'e manifestation of laiyn 
geal infection On page 202 he sa'^s, “Laiyngeal cough is easily lecogni-jed by its 
paioxjsinal natuie, drjmess, gieat intensity and peculiai timbie” This statement 
needs consideiable modification as the difleientiation of laivngeal coughs fioin 


those dependent on othei conditions is haidly as simple as desciibed On page 
216 he speaks of the piemonitoiv stieaking of the sputum with tiaces of blood 
vvdiich often piecedes the bleeding for some days, and adv'ocates hhsteimg over the 
site of congestion in Older to aveit latei hemoiihage Waiving anj' criticism of 
the lationale of such a pioceduie, attention is called to the frequent impossibility 
of lecognizmg the “site of congestion” ovei vvdiich blisteis may be applied Exam 
Illation of the chest at such a time should be avoided On page 217, septic aspna- 
tion pneumonia following hemoiihage is disposed of in tliiee lines in which appear 
the statement that “the fevei continues vvutliout remission until it cleais up It 


IS well knovvm that this foim of pneumonia laiely “cleais up,” but is in most cases 
fatal The statement, theiefoie, that “if dissemination follow's the pneumonia 
the temperatuie peisists” is subject to some ciiticism The nutlioi appeals to 
exaggeiate the value of mensuiation, winch many clinicians believe to be of u 
slight piactical utility No mention is made of the veiy consideiable v'aria ion 
in the chest expansion accoiding to the type of respiiation in individual instances, 
the position of the diaphiagni as ascei tamed by abdominal measuiemen s evi 
denth being legaided as a negligible factoi On page 266 it is ® ^ 
metallic tinkling “is only found in pneumotlioiax and laige cavities i ' 

tinkling IS seldom, if evei, i ecognized m pure pneumothorax', but chiefly when tne 

IS liquid as well as an iii the pleuial cavity oi in laige pulmonaiy 
page 267 the autlioi states that the amphoiic voice “is most typically he 
pneumothoiax, and, like amplioiie bieatlung, if pneumotlioiax can be “ 

IS a positive sign ” He undoubtedly means that the amphoiic ^ j. 

sign of cavity foimatioii piovided pneumothorax can be excluded ‘ 

howevei that it is most tvpicallj litaid in pneumothoiax necc s qu. 
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it, IS capable of lecogmiion especially iii the open t\pe lathci than in the \ahulai 
01 closed \aiiet'\ On page 2S5 the aiithoi is again caieless in his use of the teini 
“pncuinothoiax,” clesciibing a t^plcal lluoioscopic pictnie of pneuinopj othoi a\ but 
lefeiiing to the condition as pneiiniothoia\ The anthoi neglects to dilTci entiatc 
the vaiious tjpes of this condition, and on a latei page speaks of the sudden 
dyspnea, the caidiac dislocation the bulging chest the amphoric breathing, the 
tympanitic lesonance and the laige icsonant i.lles It should be lemembered that 
the amphoiic bieathing and laige lesonant i ilcs aie lecogni/ed only in the open 
\aiicty and that in such cases the bulging chest, nhich is piesent in the lalvulai 
tjpe, IS not found It is impossible to conceiie of all these symptoms and signs 
as being piesent in a single case When the d^spnea is nell maiked and becomes 
pi ogi cssivelj' noise the bulging may be yen appaieiit and the cardiac dislocation 
pionounced, but in such cases theie is no continuous open communication nitli a 
bioiichial tube, and hence no amphoiic bieathing oi laige lesonant rales but, on 
the other hand, maiked dimimition of the intensity of the lespiiatoiy sounds On 
page 330 the authoi states that the smegma bacilli “decoloi i/e easily in alcohol ” 
The decolouration of the smegma bacillus m alcohol is not alnajs so easy as 
might be infeiied some obseiveis insisting that the absolute differentiation fiom 
the tubeicle bacillus is sometimes possible onh by means of inoculation tests On 
page 355 it is stated that “tubeiculosis, when caMties aie iiiesent, is also alnays 
bilateial ” 

There aie also noted some omissions On page 152, in the desciiption of fibioid 
phthisis, no mention is made of emaciation, which is an almost ln^allable featuie 
Di ilinoi omits all mention of the meningeal foim of miliaiy tubeiculosis In 
discussing the so called iiiyeise tj'pe of fcyci it is not stated that this is occasion- 
ally an accompaniment of miliaiy inyolyement On page 1S4 the authoi In icily 
coiisideis tubeiculosis of the phaijnv but without desciiption of the chaiactenstic 
appeal ances of tubeiculosis of the soft palate oi tongue He states that the ton- 
sils ‘show’ no special oculai changes” Undei the subject of gastiic or intestinal 
symptoms the ps'^choneuioscs in d'\speptic consumptnes aie not disciused Di 
JIiiioi piopcily speaks of mapping out the stomach in many ln^allds, but the 
leadei is not infoimod that this is often difficult and the icsults unceitain No 
allusion IS made to the use of bismutli and the utilization of the aj-iay foi this 
purpose The authoi overlooks the fact that the fiequent annovance occasioned 
by the piesence of tenacious mucus in the an tubes is sometimes alleviated by the 
judicious administiation of the lodids On page 330, Di !AIinoi discusses “diag- 
nosis by means of animal inoculations ” Ho neglects, how’evei , to mention the 
lecent woik of Bloch in extiipating the legional lymph-glands at the end of two 
weeks then ciushing and subsequent examination foi tubeicle bacilli He also 
fails to allude to the expeiiments of Lamer Eonzoni and Hnschboin, who effected 
a consideiable saving of time bj injecting suspected mateiial into the mammary 
glands of guinea pigs and labbits which weic suckling then young 

The style may at times be subject to eiiticism, as for instance the following 
expiessions “The feveiishh blight e%es looking at us foi help fiom the bottom 
of deep pits” (page 151) , page, 172, “The aihole body seems filled with Tired- 
ness’ If the pitient lies down to lest weaiiness seems to iiin through Ins limbs 
They ache with fatigue and seem to pin him to the bod ’ The wiitei’s sentences 
aie sometimes of such length as to suggest a lack of teimiiial facilities as foi 
example on page 325 there is a sentence of o\er ten lines, one of se\cn and another 
of eight linos 

The giaminatical coiisti uctioii is occasionalh incoiiect as for instance page 
1G2, “moie absolutel^ accurite, ’ p ige 313, “most peipendicnlai ” “Ad\entitia ’ 
IS misspelled 

Let it not be undei stood that Di Hinoi's contiibution as a whole possesses other 
than 1 huih oidei of iiKiit Notwithstanding the defects to winch attention has. 
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been called, many poitions of Ins aiticles aie e's.ceedingly good and deseivjng of 
very favorable comment In view of the importance of these chapteis and tlie 
fact that they lepresent so much of the tevt the revieiver has felt constiained to 
devote dispioportionate space to their consideiation 

Haldwin s aiticle on Individual 3?i02ihjla\is,** altliough brief, is interesting' 
and in geneial well wiitten 

The cliaptei on “Public Measures in the Piophylavis of Tuberculosis” is writ 
ten by Dr S A Knopf, and contains much of interest to the laity as well as to 
the piofession His contribution, however, m the way of subject-matter and illus 
tiations repiesents much that is taken from Ins previous papers In addition, out 
of 90 pages, approvimately one third consists of quotations from aiticles by other 
wi iters The inspection of food-supply is briefly treated, while the sanitation of 
woikshops, factoiies, etc, is dismissed in a few lines, most of which are devoted 
to the advocacy of securing proper receptacles foi the expectoration 

The chapter on “Specific Tieatment,” by Dr Laivrason Brown, is of especial 
inteiest and value, but the reviewei is unable to agree with a few statements of 
the author He states on page 543 that “a tendency to hemoptysis is no contra- 
indication” foi the administration of tubeiculin Dr Brown’s experience is at 
vaiiance with that of some clinicians in tins respect Even slight but frequently 
recuriing hemorrhages should at least compel the utmost caution in the adminis 
tiation of tubeiculin if not its discontinuance He says, “If tuberculin be of value 
for patients failing to improve under other forms of treatment it is of much more 
value for patients in incipient stages ” In the opinion of the reviewei it cannot 
be assumed that because this agent is occasionally of benefit to selected patients 
having failed to respond to othei measuies of treatment, it must necessarily be of 
\alue to all patients in the incipient stages legaidless of important considerations 
Dr Brown states on page 545 that “members of phthisical families even though 
they present no signs oi symptoms of disease are often benefited by tuberculin 
(Sahh) ” It does not appear that our Icnowledge legarding tuberculin therapy is 
thus far sufficient to justify its widespiead administration to individuals exhibit 
ing no manifestations of disease On page 555 the author states that “all forms 
of surgical tuberculosis aie apparently benefited by small carefully selected doses 
of tubei culm when the patient is in a suitable condition to take tuberculin ” This 
does not obtain with leference to tuberculosis of the cecum and the appendix In 
such cases the diariliea and othei abdominal symptoms are likely to be aggravated 
very materially by the administration of tuberculin Even tubei culosis of the 
ceivical glands, the epididymis and testis, although occasionally benefited by this 
agent, are not infrequently influenced quite unfavorably These conditions repre 
sent impoitant forms of surgical tuberculosis and are so included in Part VT of 
the contents In speaking of tuberculin on page 557 Dr Brown says, “The results 
in a large number of selected patients can be said to be practically always favor- 
able ” On page 565 he says, “The present status of tuberculin may be expressed 
in a few words Tuberculin when properly given does no harm,” etc It is sug- 
gested that these statements should be somewhat modified It should be made 
clear that the indiscriminate use of tuberculin by the general practitioner as a 
routine method of treatment of pulmonary tuberculosis is an extremely unwise 
pioceduie Di Bioum makes no mention of the effect of tuberculin on the ys 
menorrhea of tuberculous women Bacterial vaccines, to which the attention o 
the profession has been directed during the past few years, are dismissed in iree 
Imes m which the author states that they have been employed, but gives no 
results of personal observations or of the experience of others Among o ler 
“false specifics” he fails to allude to the so called “mercury treatment’ which, in 
view of its rather unfortunate use at the present time among general prac i ion 
ers, should at least be commented on in a book of this description ns 
incorrect English are occasionally noted The name “Miffucci is misspe e 
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The chaptei on “Specific Therapeutics” is written by Dr Gerald B Webb and 
IS of much interest In his published lesults of 50 cases of patients inoculated by 
the authoi with homologous vaccines prepared from the mixed oiganisms he fails 
to give any description of the cases The reader is left in doubt as to whether oi 
not these veie febiile and advanced phthisical patients, exhibiting clinical mani- 
festations of septic absorption, or whether the administration of the vaccines was 
based on the mere fact that the mixed oiganisms were found in the sputum 
legal dless of the stage of the disease or its degree of activity Xo mention is 
made as to the condition of the patients, the length of residence in Coloiado 
Springs, the effect of climatic change or the previous results of hygienic and diet- 
etic methods of treatment 

The chapter on “Hygiene, Diet and Open Air in the Treatment of Tuberculosis” 
IS by Dr Thomas D Coleman The views expressed as to the management of the 
disease are for the most pait rational and in accordance with modern ideas Tliere 
IS exhibited, hoveier, some carelessness in construction On page 610 Dr Cole- 
man says, “With reference to cuspidors, ivhile they are frequently spoken of in 
derision as an American invention, the writer, as an Amei ican, is glad to acknowl- 
edge then paternity ” It hardly appears that “paternity” is a proper word to 
use with reference to cuspidois Of much more impoitance, however, are a few 
misstatements and omissions On page 631 the author says, “Xo incipient and 
few adi anced cases of tuberculosis die from the immediate effects of hemorrhage ” 
Xo indications or contraindications aie given for the performance of aspiration 
He states on page 637 that “in the case of empyema the pus should be removed as 
soon as the diagnosis is made ” The reviewer believes that this is not always 
rational, but that the course of treatment should depend largely on important 
modifying circumstances The author says, “In the majority of cases this may be 
eflected by making a free incision in the midaxillary line between the sixth and 
sei enth ribs and introducing a drainage-tube ” The reviewer contends that the 
incision must be made over the site of the circumscribed empyema, which may 
vary within wide limits among pulmonary invalids Satisfactory drainage can 
rarely be secured by a simple incision between the ribs and the introduction of a 
tube Di Coleman says, “In some cases the space between the iibs is too narrow 
to admit a diainagetube of sufficient size Then two oi more nbs must be 
resected (Estlander’s operation) ” The reader should be infoimed that the resec- 
tion of a single rib is usually suflacient for the purpose of simple evacuation and 
drainage, and that multiple rib resection is demanded for an entirely different pur- 
pose, 1 e , the obliteration of the pus secieting cavity, this operation being indi- 
cated only after the lapse of many months Xo mention is made of the aspiration 
of an in the vahailar type of pneumothorax The subject of rest and exercise is 
summarily dismissed by refeiring to the routine method employed at the Frimley 
Sanatorium In the management of “Xiglit Sweats,” page 629, the author advises 
the use of “atropin as on the whole yielding the best results ” Allusion is made 
in one and one-half lines to the employment of gelatin in the treatment of pul- 
monary hemorrhage Xo explanation is given, however, as to the proper manner 
of its administration, and no caution as to the possibility of inducing tetanus 
Theie appears no discrimination in the treatment of pulmonary hemorrhage 
according to the size or severity The treatment of insomnia is veiy brief, relat- 
ing largely to the administration of a few drugs “Empiric” is misspelled, page 
633 

Despite the instances cited, Di Coleman s aiticle is exceedingly interesting and 
contains much of value to the general practitioner 

The chapter on “The Sanatorium” is written by the editor The article on 
“The Selection of the Sanatorium Site” is pertinent, and of value to those intei- 
ested in the construction of these institutions The author is unfortunate in the 
use of the relative pronoun (“The numerous sick which,” page 642) 
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The aiticle on “Physiology of Climate/’ by Di Henry Sewell is scholaily 
scientific and of maiked value Tlieie is shown a commendable familial itv vith 
the literatuie of the subject and a veil poised understanding of the vaiious pi oh 
lems discussed 

In the excellent chapter on “Climatic Therapeutics/’ Dr Barlow deals vith 
the historical aspects of climate, enumeiates the piincipal types, discusses the 
geneial utilization of climatic treatment in open and closed resorts, and then pio 
ceeds to a review of lesoits His desciiption of the different legions is peifectlv 
fair 

The several chapters on “Surgical Tubei culosis” by Di Leonard Pieeman and 
Di L L jMcArthui are of much interest and exceedingly well wi itten In i len of 
fhe impoitaiice of the subject and the limited space permitted to pieseiit a con 
sideration of the surgical complications the wiiteis aie to be congratulated on the 
conciseness of their ai tides The never surgical pioceduies designed foi the lelief 
of pulmonaiy invalids aie not discussed 

Owing to the large number of contiibutois and the varying meiits of the dif 
ferent chapters it is extremely difficult to chaiacteiize adequately the piodiiclion 
as a whole Geneializing statements are obviously unfair, and therefore in justice 
to all it has seemed best to leview the book bj' sepaiate chapters Despite a pool 
ai rangement, impoitant omissions, a few inconsistencies and contiadictions, the 
absence of unity of thought, the cbaiactei of the illustiations, and the many 
instances of incoiiect giammatical construction, the book contains a fund of valu 
able infoimation That so many inaccuiacies of expiession should be ovei looked 
by the editoi is quite repiehensible Inasmuch as the volume repiesents a seiies 
of veiy inteiesting ai tides bj' men eminentlj qualified to discuss tlie laiious 
phases of tubei culosis tlie levievei commends it as a desiiable addition to the 
literatuie on tlie subject 
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The obvious causal lelationshqi of bacterial infection to inflammation 
has tended to obscure the bioadei significance of the inflammatory reac- 
tion An immense number of sterile substances, both fluid and solid, 
soluble and insoluble, oiganic and inorganic, incite a reaction which 
differs in no essential respect fiom that which follows the invasion of 
micro-organisms Even so-called physiological salt solution mtioduced 
into the body may cause acute inflammation, absorption of a piotein such 
as egg albumin or of a fatty substance such as sterile olive-oil is in part 
dependent on the same process Views concerning the nature of inflam- 
mation are widely diverse, but all are agreed that inflammation accom- 
plishes the destruction and solution of a variety of substances, and notably 
of those proteins which form the bodies of parasitic invaders 

Although absorption from the tissue, so-called parenteral resorp- 
tion, IS made possible by processes which resemble those occuirmg within 
the digestive tract, recent compendiums of biochemistry are almost silent 
concerning the nature of such processes and limit their discussion to a 
consideration of the part of filtration, osmosis, and the secreting activity 
of linmg membranes The pathological problems are unfamiliai to the 
physiological chemist, and the pathologist is poorly prepared to solve 
them 

It IS well known that there is no agreement on what shall be regarded 
as inflammation, and some have wished to discard the word I shall 
cite histoiical data with the sole purpose of showing that its historical 
associations offer little aid in detei mining its application, that accepted 
usage furnishes no more definite criterion 

The cardinal symptoms of inflammation — heat, pain, redness and 
swelling — described by the classical writers, have reference to inflamma- 
tory conditions affecting the sui faces of the body, perhaps well illustrated 
by erysipelas or by a boil By a series of analogies the term has been 
applied to changes in the internal organs which exhibit, in some instances, 
none of these s-^mptoms Virchow, in the '^Cellular Pathology,” shows 
that each one of the caidmal s5TOptoms at some peiiod has been used as 
a test of the true nature of inflammation The name, which implies tak- 

^ Presented before the Hars^ey Society, New York, Eeb 19, 1910 
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mg file, shows that the eaily writers attached greatest significance to the 
increased heat of the inflamed part At a later period, the condition of 
the blood-vessels indicated hy congestion and redness, attracted more 
attention, and Boerhaave tanght that inflammation was the result of 
siasis caused by obstruction of blood-vessels This view prevailed during 
the period when, in Trance, pathological anatomy was studied with great- 
est industry Ponfick cites the aphoiism of Cruveilhier ^Thlebitis 
dominates patholog}'- ” Yet Cruveilhier defines infla mm ation as a hlood- 
stasis in the capillaries which is associated with exudation at times of 
coagulable lymph, at times of pus, perhaps finally, of caseous or tuber- 
culous substance As a criterion of inflammation, accumulation of exu- 
date received mcreased attention, and the swelling oi tumor of mflamma- 
tion held a predominant place in the views of Eolntansky 

The experimental studies of Cohnheim inaugurate modern views on 
the nature of inflammation ' Inflammation is the reaction which follows 
an injury affecting the wall of blood-vessels, increased permeability facili- 
tates the escape of plasma and corpuscles into the surrounding tissue 
Attempts to study the effect of various injurious substances upon a tissue 
devoid of blood-vessels, such as the cornea, have shown that well-known 
inflammatory changes occur in the adjacent vascular tissues and hence 
flood the injured part with exuded fluid and corpuscles 

Most of the substances which act as inflammatory irritants cause 
obvious injury to tissues with which they come into contact At first 
sight it may appear unimportant to decide whether injury to tissue, 
including its blood-vessel, is the stimulus which puts in motion the 
numerous processes grouped as inflammation, or if the iriitant itself 
acts directly on the structures with which it is in contact, and attracts 
to itself elements of the blood or of the tissues capable of neutralizing 
or destroying its toxicity The decision will modify any mterpretation 
of the phenomena of inflammation One group of writers who have 
regarded injury to tissues as the inciting cause of mflammation, have 
included within its domain all those phenomena which tend to restore 
to normal the injuied part, formation of fibrous tissue replacing 
elements which have been destroj’^ed becomes a part of the mflammatory 
reaction Inflammation is regaided as a process adapted to diminish 
the harmful consequences of an injurj^ This is the view expressed by 
the well-known definition of Bui don Sanderson, it represents the opinion 
maintained by Cohnheim, Weigert, Ziegler, Yeumann, Letulle, Adami 
Another group of writers, including Leber, Metchnikoff, Maichand, i 
bert. Councilman, Klemensiewicz, regard inflammation as a reaction 
excited by the presence of something injurious to the tissues, inflamma 
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tion IS adapted to counteract and destroy the injurious substance Study 
of the phenomena by which bacteria are destroyed and dissolved has given 
this view a predominant place 

All inflammatory irritants pioduce some form of injury, and more- 
over, tissue which has been destroyed may act as an inflammatory irritant, 
nevertheless, there is a fundamental d.istinction between a reaction which 
repairs an injury, and reaction which renders harmless an mjurious sub- 
stance Certain invertebrates with simple structure (hydra, planaria) 
repair an injury by rapid regeneration of a part removed , phenomena sug- 
gesting an mflammatory leaction are wholly lacking Those who believe 
that inflammation is adapted to neutralize and destioy the mjurious body 
usually exclude those regenerative changes which replace with flbrous 
tissue structures which have been destroyed, for all writers agree in 
excluding the regeneration which aflects the surviving parenchyma when 
part of an organ has been removed or destroyed 

To determine if inflammation is dependent on changes in the blood- 
vessels attempts were long made to study the process in tissues such as 
the cornea or cartilage, which contain no vessels The nearest vascular 
tissue became inflamed and the attempt failed Directing his attention 
from the vertebrates which had heretofore served as objects of experiment 
to the lowest invertebrates, Metchnikoff has found the long-sought oppor- 
tunity to study inflammation in tissues containing no blood-vessels His 
well-known treatise on the comparative pathology of inflammation defines 
the relatively simple reaction which follows application of injurious 
agents to such animals 

Throughout the animal kmgdom methods used to obtain food are 
often employed to destroy enemies The ameba survives because it can 
destroy and digest the bacteria which it takes into its substance In 
certain sponges, phagocytic cells, which digest the food of the animal, 
accumulate about a foreign body thrust into its substance The lower 
orders of invertebrates, such as the medusa, the starfish and certain worms 
possess no vascular system , situated between the outer covering and the 
digestive cavity are mesodermic cells which, having no part in the diges- 
tion of food, approach, engulf and often digest foreign particles, bacteria 
and other organisms which have found their way into the tissues of the 
animal By means of ameboid movement they accumulate about any 
substance capable of exciting their activity Shall this reactive accumu- 
lation of phagocytic cells be designated “inflammation Those who 
believe that inflammation is a response of blood-vessels to injurious 
agencies are unwiUing to include it With a broader view, those processes 
by which protective elements are drawn from adjacent tissues cannot be 
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separated from those changes by which similar cells aie drawn from 
adjacent blood-vessels IsTomenelatme of the process is relatively unim- 
portant Yet study of what is universally designated ‘'inflammation’' in 
animals with fully developed blood-vessels shows that phagocytic cells 
which react in response to the inflammatory irritant are not necessarily 
derived from the blood-vessels 

To illustrate the chaotic state of pievailing views concerning inflam- 
mation, the status of tuberculosis may be cited Cohnheim, who attached 
prime importance to vascular changes, excluded the infectious granulo- 
mata, yet many of those who believe that inflammation occurs only in 
vascular tissue regard tuberculosis as inflammation Marchand, on the 
contrarj’-, separates such piocesses from inflammation, because he believes 
that they aie ehaiaeterized by multiplication of fixed cells of the tissue 

Inconsistencies of accepted nomenclature are readily found The term, 
paienelijunatous nephritis, a survival of Vii chow’s conception of inflam- 
mation now long abandoned, is applied to a lesion which exhibits none 
of the vascular and cellular changes which are associated with inflamma- 
tion of othei organs Injury to the spinal cord is designated as inflam- 
mation when it IS called tiaumatie myelitis, yet the secondary occurrence 
of inflammatory changes common to all forms of injuiy merely selves to 
emphasize the confusion of two distinguishable conditions (Marchand^) 
The name ‘‘acute hemorrhagic panel eatitis” has been applied to a lesion 
which IS essentiallj" necrosis, and not inflammation of the pancreas, and 
its use hashindeied a lational classification of pancieatic disease 

Should we assume that inflammation occuis in order that injurious 
substances maj^ be destroyed or i amoved, the nature and action of the 
fluid and cells which accumulate acquiie predominant importance The 
swelling of inflammation is in great pait leferable to accumulation of 
fluid derived from the plasma of the blood, yet the wall of the vessel 
controls this transit, for the protein content of the fluid winch passes 
thiough the wall of the blood- vessel into the tissue is constantly less than 
that of the blood plasma The proteins of the plasma do not enter the 
spinal fluid noi the aqueous humor, yet with inflammation they are found 
in both fluids 

Studies of Klemensiewicz® have shown the effect of increased piessuie 
exerted by exudate within the tissue on local vascular tension By an 
ingenious device he has been able to measuie diiectlj'’ under the microscope 
the pleasure capable of producing stasis within the capillaries When an 

1 Marchand Ueher die naturhehen Sclmtzmittel des Organismus, Leipsic, 
1900 

2 Klemensiewic/ Entzundung, Jena, 190S 
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Inflammatory initant is applied to tlie tissue iindei examination, accnmn- 
lation of exndate increases extravasculai tension, and a smaller pressnie is 
now capable of causing capillary stasis This observation may help to 
explain the obvious truth that accumulation of fluid in the subcutaneous 
tissue in response to an irritant, is quickly self -limited , whereas the same 
irritant causes an immense serous exudate when introduced into a serous 
cavity Later it will be shown that this difference has an important influ- 
ence on the outcome of the inflammatory reaction and may determine 
whether suppuration oi resolution occurs 

During the last ten years an immense amount of laborious study has 
been devoted to the chaiactei and oiigin of the various cells which accu- 
mulate at the site of inflammation The studies of Cohnheim and of 
von Eecklinghausen have afforded convincing evidence that the common 
pus corpuscle is the polynuclear leucocyte of the blood which, under the 
stimulus of the inflammatory irritant, passes through the walls of blood- 
vessels Some of the earlier observers have believed that such polynuclear 
leucocytes may become cells of the fixed tissue, colonize the part, as it 
were, but there is now universal agreement in the view that they may 
degenerate but undergo no progressive transformation after they have left 
the blood-stream The origin and fate of the numerous mononuclear cells 
which accumulate in the inflamed tissue on the contrary is doubtful The 
subject, repeatedly investigated by histological methods, often uninterest- 
ing because they are inconclusive, has great biological importance, for it 
deals with the significance of lymphatic tissue and the normal and patho- 
logical relationship between lymphatic and other tissues of the body It 
seeks to determine if a cell formed in one part of the body may establish 
itself in a distant part and there form an integral constituent of the tissue 
Insight into the changes associated with inflammation assumes an 
accurate knowledge concerning the tissue in which the inflammatory 
reaction occurs All of these changes have their origin within the con- 
nective tissues of the body whence inflammatory exudates may find their 
way into other situations Theie are yet many defects in knowledge of 
the connective tissues of the body In early stages of embryonic life this 
tissue IS lepiesented by a network of cells with branching processes which 
are continuous vith one another Within the substance of this proto- 
plasmic syncytium, and hence within the cells, according to observations 
of Fleming, and in recent years of Mall,® the white fibers are laid down 
At fiist all the cells which compose this tissue are fixed, but later cells 
make their appearance within the meshes of the network Since these 
unattached cells exhibit irregular projections which suggest that they are 


3 Mall Am Jom Anat , 1902, i, 329 
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capable of ameboid movement, and since they resemble ameboid cells of 
the ciiculating blood, they are regarded as wandermg cells Part of 
them have all the characters of lymphocytes and in many situations form 
small collections about the blood-vessels Part of them are larger than 
lymphocytes and resemble the large mononuclear cells of the blood, they 
are frequently collected about blood-vessels 

Yon Eecldinghausen has maintained the opinion that the spaces which, 
filled with fluid, exist in the meshes of the network formed by the fixed 
elements of the tissue, are in direct communication with lymphatic capil- 
laries and constitute the origin of the lymphatics within the tissue 
Nearty half a century ago (according to Sabin) Langer showed that these 
lymphatics grow as blind sprouts of endothelial cells Panvier has con- 
firmed this almost forgotten observation in recent years, and Sabin^ and 
others have shown that the entire lymphatic system sprouts from the 
endothelial lining of veins and gradually pushes its way into various 
tissues and organs to form a closed system everywhere lined by endothelial 
cells Endothelium separates the lymph within the lymphatic capiUaries 
from fixed cells of a part This well-known relationship, usually little 
consideied, has much pathological significance, indeed early observers 
(Hering, Heller, Thoma®) of the movements of ameboid cells within the 
tissues, have noted the important truth that leucocytes which have wan- 
dered from the wall of the blood-vessels and have passed through the 
spaces within the fixed tissue, may penetrate the endothelial wall of a 
lymphatic vessel 

Embryological study of the lymphatic nodes has explained the lela- 
tionship of lymphatic tissue to lymphatic vessels Gulland,® Sabin^ and 
others have shown that lymphoid tissue makes its appearance in the walls 
of lymphatic channels which have already been formed , and consequently 
a layer of endothelial cells separates the lymphatic tissue from the lumen 
of the lymphatic vessel, and later from the tortuous sinus to which the 
primitive channel gives place The lymphocytes of the lymph-node appear 
within the meshes of a fibrillated network and in their relation to lym- 
phatics are analogous to the lymphocytes in the meshes of connective 
tissue elsewhere 

The local changes which with mflammation occur in the lymphatic 
xessels of the affected part and in the tributary lymphatic nodes (see 
diagram) aie not sepaiable from the changes which have their seat in 
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the blood-vessels and in the interstitial tissue Mnscatello® has shown' 
that finely granular material, such as carmme powder, introduced into 
the peiitoneal cavity of a dog, appears within ten minutes in the retro- 
sternal Ijunphatic nodes, the two retrosternal lymphatic channels which 
follow the internal mammary arteries are quickly rendered conspicuous 
by the injected material Within these lymphatic vessels some of the 
granules are free in the Ijunph, whereas others are contained in wander- 
ing phagocytic cells which, as MacCallum® has shown, penetrate the 
endothelial linmg of the diaphragm Within three-quarters of an hour 
after injection of Staphylococcus aureus into the subcutaneous tissue of 
the leg of a gumea-pig, Bezangon and Labbe^® found that the afferent 
Ijunphatic vessels of the adjacent lymphatic node were dilated and 



Diagram showing the relation of the site of inflammation to the regional 
lymphatic node An artery is shoim dividing to form a capillary which in turn 
enters a ‘vem, within the capillary loop is a lymphatic vessel which becomes the 
sinus of the adjacent node and finally discharges its contents into the venous sys- 
tem Within the capillary loop to the left of the dotted line is shown the normal 
position of wandering cells To the right of the dotted line are shown cells hav- 
ing part in the inflammatory reaction Polynuclear leucocytes which migrate 
from the blood-vessels may be ingested by macrophages or may enter the 
lymphatic, pass to the adjacent lymphatic node and perhaps undergo ingestion by 
a macrophage within the sinus of the node The data on which the diagram is 
based are described in the tevt 

contained many polynuclear leucocjiies which were entering the sinuses 
of the node The subsequent changes withm the node are well known 
The well-known studies of Maximow^^ have defined the changes which 
occur in and about a sterile foreign body, mtroduced into the subcutane- 

8 Muscatello Virchow’s Arch f path Anat, 1895, cxlii, 327 

9 hlacCallum Bull Johns Hopkms Hosp , 1903, xiv, 105 

10 Bezangon and Labbe Arch de m§d exp6r , 1898, x, 318 

11 Maximow Beitr z path Anat u z allg Path (Ziegler’s) 1902, i, suppl , 
1, 1905, xxxviii, 301 
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OHS tissue of various species of animals In latei espeiiments lie lias 
impregnated the body with an inflammatory irntant such as tuipentine, 
or has infected it with pyogenic baeteiia, namely, with Staphylococcus 
auieus and with stieptococcus He has pictured with great clearness the 
changes observable at inteivals varying from a few minutes to many days 
aftei onset on the inflammatory reaction The reaction caused by a 
sterile body differs fiom that produced by bacteria in its intensity and 
in the rapidity with which coiiesponding phenomena occur, but the char- 
acter and sequence of events are rdentrcal 

Serous fluid quicklj'- accumulates about the infected body and the 
suriounding tissues become edematous Within the first four hours poly- 
nuclear leucocytes emigrate from the blood-vessels in large numbers, and 
pioperly prepared tissue exhibits many leucocytes making then way 
through the endothelial lining of vessels Early emigration of lympho- 
cytes as well has so frequently been observed that its occurrence has been 
placed bej^ond doubt The small round cells which migrate from the blood 
vessels quickly give place to larger cells with paler, largei nucleus and 
fairly abundant cell substance Those cells which have a predominant 
part in the late stages of inflammation are known by no familiar name, 
and it IS difficult to designate them conveniently The term '^macio- 
phage,” used by Metehnikoff, is applicable, for these cells exhibit phago- 
cytic activit}'’, but the name has a wide significance and may be applied 
to all large cells capable of ingesting solid pai tides The attack on living 
virulent micrococci is apparently conducted wholly by polynuclear leuco- 
cytes With the disappearance of micrococci, mononuclear cells increase 
in number and in size and begin to exhibit ability to ingest cells and cellu- 
lar debris Such phagocytic cells or macrophages maj'' contain six, a dozen 
or more leucocytes in various stages of disintegration, together with a 
variety of inclusions whose origin is no longer recognizable On the activ- 
ity of these cells is in large part dependent the solution and removal of the 
leucoc3des which have previousl}' attacked the invading bacteria 

The seious cavities, particularly the peritoneal and pleural cavities, 
offer a convenient opportunity foi stud}"^ of the cellular phenomena of 
inflammation The early changes, whether produced by various bacteria 
or by steiile irritants, do not differ mateiiall}^ A noteworthy pecuharit} 
of inflammation within serous cavities is the unobstructed and rapid aceu 
mulation of serum, the cells which accumulate are in part suspended m 
this fluid but a greater part adhere to the membranes, such as the omentum 
or mediastinum which are contiguous with the cavity Numerous obser 
vations have shown that the changes which occur in the serous ca y 
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dining the first few honis after moenlation are identical with those which 
are demonstrable imdei similar conditions in the subcutaneous tissue 
The importance of vascular changes in inflammation has long been 
recognized, less has been wiitten concerning the significance of the lym- 
phatic system The studies which have been cited show that the lympho- 
cytes which are m great pait at least derived fiom the lymphatic glands 
migrate from the blood-vessels and are perhaps transformed into macro- 
phages At the same time lymphocytes and similar larger cells which are 
scattered in the normal tissue outside of the blood-vessels and often 
according to Hibbeit form rudimentary lymphatic nodes mingle with the 
cells of the exudate and perhaps take part in the formation of macrophages 
The intimate relationship of the local focus of inflammation to the adja- 
cent lymphatic glands is well illustrated by the experimental pleurisy 
produced by injection of a sterile irritant such as the vegetable protein, 
aleuionat, into the pleural cavity The lymphatic glands which are situ- 
ated in the anterior mediastinum become greatly swollen and micro- 
scopic examination shows that changes which occur in the sinuses of these 
glands are identical with those in progress within the pleural cavity itself 
At the end of four or five days the serous cavity contains abundant 
fluid in which polynuclear leucoejdes are abundant, at this time mono- 
nuclear phagocytic cells are large and numerous and are engaged in 
ingesting and dissolving polynuclear leucocytes The sinuses to the adja- 
cent mediastinal lymphatic glands are much distended and closely packed 
with the same large phagocytic cells whose protoplasm often contains 
many polynuclear leucocjdes in various stages of disintegration In some 
instances almost the entire lymphatic gland is replaced by these cells 
Ingestion of polynuclear leucoc3'tes and other cells, essential to complete 
resolution of the exudate, is begun in the serous cavity and is completed 
in the regional lymphatic node By the method previously described cells 
make their way along lymphatic channels from the primary site of 
inflammation to the adjacent node 

Studies of the fate of bacteiia injected into the body have demon- 
strated the rapidity with which micro-organisms enter the regional lym- 
phatic nodes, and the paitia] efficiency of these nodes as filters Buxton 
and Torrey^^ have injected typhoid bacilli in considerable quantity into 
the peritoneal cavit}" of small animals and have estimated by the enumera- 
tion of colonies in agai plates the relative abundance of bacteiia in 
the substernal h^mphatic nodes, in the blood and in various organs such 
as the liver, spleen, lungs, bone-marrow and kidney Within ten minutes 
after inoculation, they found an enormous number of bacteiia in plates 


12 Buxton and Toirey Joui Med Eesearcli, 1906, xiv, 213 1907 xvi, 17, 251 
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prepared from the regional Ijmpliatic node, and in sections prepared 
foi micioscopie examination bacilli are found in the afferent sinus, in pait 
free, in pait within phagocytic cells Notwithstanding this regional 
fixation of those bacteria which had escaped fiom the site of inoculation, 
a not inconsiderable number had entered the blood and were scattered 
throughout the body Within the interval fiom five to thirty minutes 
after inoculation, from twenty to thirty thousand bacteria per cubic centi- 
meter were recoveied from the blood Neveitheless at the end of an houi, 
the number had fallen to several bundled Likewise within the first half 
hour after inoculation the number of bacteria in the liver, spleen, lungs 
and kidney was very great, but it fell suddenly and soon became rela- 
tively small This mitial rush of bacteria fiom the peritoneal cavity" to 
the blood has been found to occur with equal readiness in normal and m 
immunized animals 

Experiments of Museatello have shown that inanimate particles such 
as powdered carmine pass through the diaphragm mto the lymphatic 
vessels of the mediastinum and reach the circulating blood only througli 
the lymphatic system Wells and Johnstone^® have successfully attempted 
to show that bacteria do not pass into the blood-vessels of the peritoneum 
but leaeh the blood wholly by way of the lymphatic vessels They have 
prevented the initial rush of bacteiia from the peiitoneal cavity into the 
blood by ligation of the thoracic duct By estimation of the number of 
bacteria in the lymph they have shown that the thoracic duct, during the 
first hour after inoculation of the peritoneal cavity with Bacillus coli 
discharges an immense number of bacteria into the blood 

The foregoing observations show that the lymphatic nodes, during 
the first hour after inoculation, are not efBeient filters for bacteria 
Although two lining membranes are interposed betiveen the peritoneal 
cavity and the interior of lymphatic vessels, solid particles pass with the 
utmost rapidity fiom one to the other, the greater part of these particles 
aie not contained within phagocytic cells The membranes separating the 
cavity and the lumen of the vessel are uninterrupted but solid particles 
pass as if there were diiect communication Eurthermore, both bacteria 
and inanimate particles at first pass the lymphatic nodes, but later at 
the end of the first half hour or hour after inoculation, although the 
peritoneal cavity and the regional lymphatic nodes contain an immense 
number of bacteria, their escape is obstructed and they have almost com- 
pletely ceased to enter the circulating blood At this time an inflamma- 
tory reaction has begun both at the site of infection and within the 
lymphatic node There is little doubt that the quiescent lymphatic no e 

13 Wells and Johnstone Jour Infect Dis, 1907, iv, 582 
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IS an inefficient filter wlieieas the inflamed node containing even at tins 
early period, many phagocytic cells, is effective m restrainmg the dis- 
semination of bacteria 

iNoetzeP^ injected Bacillus pyocyaneus into the knee-joint of rab- 
bits, and from five to ten mmntes later found the oiganism both in the 
inguinal, lumbar and crural l3Tnphatic nodes and in the circulating blood 
Pawlovsky^^ has demonstrated the presence of staphylococci in the 
blood and organs of guinea-pigs from twentj^-four to fort}'-eight hours 
after inoculation of the Imee-jomt, but has been able to show that this 
dissemination is inhibited or wholly prevented if before inoculation, 
acute inflammation of the joint has been produced by the injection of 
some sterile irritant such as turpentine, alcohol or solution of quinm 
His observation recalls the studies of Issayeff, who showed that the 
peritonitis induced by a variety of steiile irritants such as foreign blood- 
seium, bouillon or normal salt solution, temporarily increases resistance 
to subsequent mtraperitoneal inoculation of bacteria Such obsei rations 
help to explain the well-Imown resistance to infection exhibited by a 
granulating wound 

A great variety of substances which are either non-dialyzable or insolu- 
ble in water are dissolved and removed when introduced into the tissues 
of an animal It is difficult, perhaps impossible, to cite any substance 
which introduced from outside of the body into the tissues of an animal 
fails to excite an inflammatoiy reaction, physiological salt solution intro- 
duced into the peritoneal cavity produces active emigration of leucocytes 
Couipaiatively little systematic observation has been made on the phar- 
macolog} of inflammation and we are as yet ignorant of the factors on 
which depend peculiarities in the intensity of the leaction and in the 
chaiacter of the exudate which is produced The reaction is in all in- 
stances characteiized (a) by a stage of leucocytic emigration followed 
when lesoiption begms, (b) by accumulation of macrophages It is note- 
worthy that tubercule bacilli and typhoid bacilli, whose presence in man 
IS usually associated with peculiar lesions exhibiting little resemblance 
to acute inflammation, produce the same changes during the fiist twenty- 
four hours after introduction as Staphylococcus auieus (Helly) and 
othei pjogenic cocci 

Nevertheless one large group of substances, unlike bacteria, excite 
the large mononuclear phagocytes with much greater activity than poly^- 
nuclear leucocydes The cells of one animal mtioduced into the body of 
another of the same or of a different species are attacked by large mono- 

14 isToetzel Beitr z klm Chir , 1906, li, 740 

15 Pa-nlowskv Ztsclir g Hyg , 1909, Ixu, 433 



552 


WFLAMMA T1 0 N 


nuclear cells and are graduall}^ dissolved within their substance This 
experiment has been repeated under a gieat variety of conditions by 
Metchnikoif and his pupils The same process oecuis under physiological 
conditions, for in the spleen red blood corpuscles, perhaps those which liaie 
undergone some degeneiative change and aie no longer useful to the body, 
are ingested and destroyed by large mononuclear phagocytes IVlieu 
hemorihage occurs into the tissues, phagocjdic cells of similar character, 
by taking red corpuscles into their substance, aid in the process of absoip- 
tion Necrotic tissue in the livei oi in other oigans is absorbed by aid 
of the same cells A similai process occurs when degenerative changes 
affect the central nervous system Absoiption of tissues no longer useful 
to the body, and perhaps already the seat of degenerative change, is 
accomplished bj' the aid of mononuclear phagocytes and has many analo- 
gies throughout the animal kingdom Metalnikoff, studying the progress 
of the metamorphosis of insects, has lately found evidence that the 
organs and tissues fiist undergo degenerative changes, and later become 
the prey of phagocytes Furthermoie, one large gioup of paiasitic invad- 
ers, including piotozoan micro-organisms such as malarial parasites and 
trj'panosomes, excite almost exclusively the aetnity of the mononuclear 
phagocytes 

The observations which have been cited show what cells accumulate 
about a foreign substance introduced into the body The moie important 
of these cells are capable of engulfing solid protein pai tides, and of dis- 
solving them By what means is this absorption accomplished ^ 

The occurrence of products of protein digestion in mfiammatoiy 
exudates was recognized almost fifty yeais ago, Eichwald in 1864 found 
in pus what was then called peptone , and later, Maixner found peptone 
in the mine in association with a considerable variety of suppurative 
conditions sucli as emp 3 ^eina, peritonitis, cerebiospinal meningitis, pyeli- 
tis, etc An observation of Eriedrich Muller has explained the constant 
presence of so-called peptone in purulent phthisical sputum, a glycerin 
extract of such sputum is capable of digesting fibrin or coagulated albu- 
min in a weakly alkaline medium Other purulent sputum has the same 
property , the sputum of a patient with pneumonia does not exhibit this 
digestive action before crisis has oecuiied, but later when it has assumed 
a white pus-like appeal ance, the enzyme may'^ be demonstrated The pus 
of an abscess contains the same enzjmie, but the pus-like fluid from a 
tuberculous lesion, a so-called cold abscess, fails to contain it ^ arious 
observers have shown that enzyme of pus is capable of digesting a con 
siderable vaiiety of protein substances, such as gelatin, fibiin, coagulated 
egg albumen and casein The well-lmown studies of Salkou ski first s lou ef 
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that animal tissues preseived under conditions winch prevent the giowth 
of bacteria undeigo changes similar to those which occur during the 
digestion of piotein Friedrich Muller showed that the pneumonic lung 
consolidated by the piesence of inflammatoiy exudate within the alveoli, 
IS especially susceptible to such autolysis By the self-digestion of this 
inflamed pulmonary tissue at body temperatuie are formed albumose, 
leucin, tyrosin and othei pioducts of protein disintegration, nuclei of 
the autolyzed tissue quickly disappear as a lesult of decomposition of 
nucleins These obsei rations have been used to explain the solution of 
fibrin and the disappearance of leucocytes and othei cellular elements 
which occurs with lesolution of the exudate 

Biondi/® Hedin and Eon Ian d/’^ and others have found that various 
noimal organs of the body autolyze with greater activity in weakly acid 
than in alkaline solutions, and in this respect resemble pepsin rather than 
tijpsin 

Studying the cells of an inflammatory exudate obtained by in]ection 
of aleuionat or othei steiile irritant, I have repeatedly confirmed the 
obseivation that they digest coagulated protein with greatest activity 
when they aie suspended in an alkaline medium Digestion may be 
accuiately measured by allowing the cells to act at body temperature on 
blood-serum coagulated by heat, the amount of piotem which goes into 
solution may be accuiately detei mined Testing the liver, kidney, spleen, 
lymphatic node, and bone marrow, it is notewoithy^® that the bone- 
maiiow alone lesembles the cells of an acute inflammatory exudate, and 
digests with greater activity in alkali than in acid 

The cell which is predominant in the inflammatory exudate produced 
by the injection of aleuionat is the polynuclear leucocyte, and histologists 
aie agieed that this cell has its origin in the bone-marrow In other 
woids, pohmuclear leucocytes which, constituting the gi eater part of the 
white corpuscles of the blood, migrate duiing the eaily stage of the 
inflammatoiy reaction, and approach and digest solid pai tides, contain 
an enzyme which resembles trypsin of the panereas They carry this 
enzyme fiom the bone-mairow to the site of inflammation Dochez has 
shown that this enzyme, unlike trypsin, exists within the cells in an 
active state, and will, without furthei change, act on protein in the pres- 
ence of alkali Trypsin, on the contrary, exists in the panel eatic cells as 
zymogen, and requnes activation by enterokmase or by acid before it is 
able to attack protein 

16 Biondi Viicliow’s Aich f path Anat, 1896, c\liv 373 

17 Hedin and Rowland Ztsehr f physiol Cliem , 1901, xv-vii, 341 

18 Opie Jovii Expel Jiled , 1905, -vii, 759 
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The enzj'me of the polj^nucleai leucocytes, which may be conveniently 
designated ‘deucopiotease,” may be purified by precipitation with alcohol, 
and after drying may be preserved almost indefinitely In the moist 
state, the enzyme thus prepared is destroyed by heating at a temperatuie 
between 70 and 75 C Temperatures between 50 and 65 C acting on the 
enzyme duimg half an hour increase its activity It acts in an alkaline 
or in a neutral medium, but is inhibited by acid Sodium caibonate in 
concentration of 0 2 to 0 5 per cent favors its action, greater concen- 
tration IS destructive The enzyme is much less active than trypsin, but 
it IS not improbable that its activity, tested outside the body, is less than 
its activity under the favorable conditions which doubtless exist within 
the leucocyte 

Examination of the properties of the enz 3 'me which has been described, 
demonstrates that it is not identical, as several writeis have claimed, with 
the alexin or complement of the blood-serum, for the latter, it is well 
known, is destroyed by heating to a temperature of 56 0 Joehmann=^“ 
has shown that it has no bactericidal power and asserts that it digests 
bacteria which have been killed by chloioform or by heat, uhereas it 
fails to dissolve living bacteria 

It IS not difficult to bring proof"® that the cells which accumulate in 
response to the presence of an inflammatory irritant contain a second 
enzyme capable of digesting albuminous substances, its properties axe 
different from those peculiar to the enzyme of the polynuclear leucocytes 
The enzyme which is obtained by treating the cells with alcohol, it has 
been mentioned, acts in both neutral and alkaline solutions, but is inactive 
in acid , the fresh cells, however, digest in acid as well as in aficali This 
observation suggests that alcohol destroys a second enzyme, present in 
the fresh cells Further study has shown that this second enzyme is 
more labile than leucopro tease , for whereas temporary heatmg to tem- 
peratures between 50 and 65 C increases the activity of leucoprotease, 
it greatly diminishes the activity of tlie enzyme which digests in the 
presence of acid 

I have previously cited many observations which show that two t}'pes 
of cells are abundant in all inflammatory exudates which exliibit a ten- 
dency to resolve When aleuronat is injected into the pleural cavity of a 
dog the proportion of large mononuclear cells, which act as phagocytes, 
gradually increases and with this increase there is increasing power to 
digest in the presence of acid I have already pointed out that the p a^o 
cytosis of micio-organisms, foreign particles, polynuclear leueoc3d:es, rec 

19 Opie Joui Exper Med , 1905, vii, 316, 1906, vin, 410 

20 Jochmann Ztsclir f Hyg , 1908, Ki, 71 



EUGENE L OPIE 


555 


blood coipuscles, and eollnlar debus begun in tbe pleuial cavity is com- 
pleted in tbe regional lymphatic nodes At the end of four or five days 
after the onset of inflammation incited by aleuronat the letrosternal 
lymphatic nodes are enormously enlarged beyond their normal size and 
their sinuses are distended with large cells identical with those in the 
pleural cavity and actively engaged in the phagocytosis of polynuclear 
leucocytes and other cellular elements An emulsion prepared from such 
a lymphatic node in which mononuclear phagocytes aie predominant, 
fails to digest protein in an alkaline or neutral medium but exhibits active 
proteolysis in the presence of acid Moreover, this form of enzymotic 
activity increases with the duration of the changes in the node The 
regional Ijmiphatic node contains in almost pure foim that enzyme which 
in the exudate increases with the increased number of macrophages I 
have suggested for this enzyme the name “lymphoprotease ” 

This enzyme, lilce pepsin, acts in an acid medium and is inhibited by 
alkali , but it is not identical with pepsin, for it acts with greatest activity 
in a very weak concentration of hydrochloric acid and is destroyed by 
that strength (0 2 pei cent ) which is favorable to the action of pepsin 
It is more closely related to the autolytic enzyme of various tissues The 
factor of essential importance is the increase of this enzjme which is 
associated with an increase of large mononuclear phagocytes in the exudate 
or with an increase of similar cells in the lymphatic nodes tributary to 
the inflamed area 

The enzymes which have been found in the cells of the seious inflam- 
matory exudate ]ust described are present as well in fibrinous exudates 
' When a small quantity of turpentine is injected into the pleural cavity, 
coagulable fluid accumulates and reaches a maximum at the end of two 
or three days The exuded fibiin, which contains polynuclear leucocytes 
during the first three or foui days of mflammation, undergoes solution 
when suspended in an allvaline medium, whereas at a later peiiod when 
polynuclear leucocytes have disappeared, this property is lost On the 
second or third day after onset of the inflammatory reaction, products of 
proteolytic digestion appear in the serum, reactions indicating the pres- 
ence of albumose are readily obtained Such decomposition products are 
doubtless absorbed with great rapidity, for large quantities artificially 
introduced disappear from the exudate within twenty-four hours 

Although leucocytes contain active enzymes, serous infiammatory exu- 
dates containing cells in abundance fail to undergo autolysis Experi- 
ments which I made several years ago have explained the absence of such 
autolysis and have disclosed a mechanism by which the activity of the 

21 Opie Jour Exper Med , 1907, ix, 391, 414 
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enzyme is limited to the locality m which it is needed The cells of the 
exudate separated fiom the serum undeigo autotysis and are capable of 
digesting foreign protein , but if to the cells the exuded serum is added, 
digestion is wholly inhibited 

The seium contains some substance capable of restraining the action 
of the enzyme , it is convenient to designate this substance “antienzyme/’ 
u ithout impljang thereby that it is a specific antibody adapted to combine 
with enzyme in aeeoi dance with laws of chemical union The antien- 
z3miotic action of the exuded seium is exhibited by the serum of the blood 
as well, it passes with the serum into the inflammatoiy exudate The 
observation of E Muller-- that the antienzyme fails to enter the normal 
cerebrospinal fluid, has a eonsideiable interest 

The antienzyme is destroyed b} heating to 75 C It is apparently 
attached to the albumin fraction of the seium for the globulin exlnbits 
no antieuz3motic action, whereas the albumin fraction is active The 
antiaction occuis m an alkaline oi neutial medium, but is destro3fed by 
acid The phenomenon can be accuiately studied by adding to weighed 
quantities of leucoprotease different volumes of serum Such experiments 
do not afiioid evidence that enzyme and antienz3ane combine in definite 
quantities Heveitheless, if to a fixed qnantit3 of serum, mcreasmg quan- 
tities of enz3ane are added, a point is reached at which the serum fails to 
restiam completely the activity of the enz3’me In the study of suppura- 
tion this observation has considerable importance 

Antienzymes in the blood serum similar to that which lestrains the 
action of leucoprotease have long been known Hahn in 1897 showed 
that the blood-serum inhibits the action of trypsin It is not improbable 
that the inliibitoiy effect on tr3q)sin and on leucoprotease aie dependent 
upon some peculiarity of the same substance, for J ochmann and Kantoro- 
W1CZ-’ have found that blood-seium which has abnormally high antitr3mtie 
action exlnbits an increased abilit3'^ to lestram the action of leucoprotease 
Furthermoie, there is no specific relationshij) between the ei^zyme of one 
species and the antienz3mie of the same species , the serum of the rabbit 
has greater antienz3^motic action on dogs’ enzyme than dogs’ own serum - 
Birds’ serum unlike mammalian serum, fails to inhibit leucoprotease, 
which IS peculiar to mammals 

The relationship between leucopiotease and its antienz3"me in the 
serum furnishes a mechanism by winch the action of the enzyme is 
limited to the localit}'’ in which it accomplishes its function The polynm 

22 Mullpi, B Munchen med Wchnschr , 1907, i, 354 

23 Jochmann and Kantoiowicz Zeit f klm Med, 1908 , Kvi, 

24 Opie and Baiker Jom Expei Med , 1907, ix, 207 



EUGENE L OPIE 


657 


clear leucocyte is suspended in a fluid which neutralizes the effect of its 
enzyme^, should this enzyme be set free by disintegration of the cell or 
by other means Wlien the pol3muclear leucocyte ingests a solid particle 
of protein matter, for example, a bacterium, it removes it from contact 
with the seium and brings it into contact with its enzyme 

The mononuclear phagocytes are sub3ect to a similar influence, for 
numerous experiments have shown that the enzyme which they contain is 
restrained by the serum of the blood, and similarly by the serum of an 
inflammatory exudate In what degree this antienzymotic action depends 
on the apparent alkalinity of the serum, and in what degree on a thermo- 
labile antibody, has not been established 

The relation between leucoprotease of the polynuclear leucocytes and 
the antienzyme of the serum has served to explain the essential nature 
of abscess formation Ribbert^^ defines suppuration as follows “It is 
an intense inflammation with which polynuclear leucocytes wander from 
the blood-vessels in unusually great quantity , the tissue is softened and 
the serum between the collected pus cells does not coagulate ” It may be 
added that solution of tissue in some instances has a beneficial result, for 
softening of the least resistant tissues may result in superficial rupture 
with healing, without escape of pus, it is well known there is little 
tendency to heal 

The peculiar appearance of pus is in part dependent on the presence 
of a great quantity of pus cells suspended in a relatively small proportion 
of fluid A serous or serofibrinous exudate, on the contrary, contains 
abundant fluid and a relatively small proportion of cellular elements 
Whereas the serum of the serous or serofibrinous exudate inhibits the 
digestive action of leucoprotease, the serum obtained from pus not only 
fails to mhibit leucoprotease, but itself contains unrestrained enzyme “® 
By disintegration of leucocytes, doubtless referable to the inflammatory 
iiritant, increasing quantities of leucoprotease have been set free so that 
the antienzymotic activity of the exuded serum is finally overcome The 
proteolytic enzyme may now come into contact with tissue and with fibrin, 
and softening is the result 

The following experiment serves to explain why the same irritant in 
the same quantity may cause two different types of inflammation If a 
small quantity of turpentine is injected into the subcutaneous tissue of a 
dog, a large fluctuating abscess filled with creamy pus is formed within 
four days, there is wide-spread undermining of the skin The same 
quantity of turpentine injected into the pleural cavity causes a sero- 

25 Eibbert Lehrbuch der allgemeinen Pathologie, Leipsie, 1905, 367 

26 Opie Jour Exper Med , 1906, vm, 536 
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fibrinous infiammation -wliicli undergoes resolution so that the pleural 
cavity IS restoied to its normal condition after about ten days, there is 
no destruction of tissue and a sear is not formed In the subcutaneous 
tissue only a small amount of edematous exudate can accumulate, the 
undiluted irritant causes active migiation of leucocytes so that the anti- 
body of the exuded seium is soon ovei balanced by the enzyme set fiee by 
disintegrated pus cells In the pleural cavity, on the eontiai}^, a large 
quantity of seium quickly accumulates and the exudate is seiofibrinous 
instead of purulent, the antienz3TOe it contains is capable of holding in 
check the leucoprotease of the accumulated leucocytes If a bit of the 
fibrinous exudate is suspended in the exuded serum, it is preserved intact 
Heveitlieless, by repeated injection of turpentine at short inteivals into 
the pleural cavity, accumulation of leucocytes may be prolonged so that 
finally a condition is produced in ivliich antienzjmie can no longei restiain 
the enzj^me The softened fibrin of such an exudate quickly dismtegiates 
in the serum of the exudate 

The foregoing obseivation introduces a new factor into the discussion 
concerning the pyogenic activity of many bacteria It helps to explain 
how the typhoid bacillus pioduces abscesses in certain situations such as 
the kidney and bone, how the pneumococcus, which larely causes abscess 
of the lung, in which conditions are somewhat similar to those within the 
pleuial cavity, may cause suppuiation in other localities, such as the 
middle eai or in the subdural space, how the tubercle bacillus may, unclei 
peculiar conditions, cause true suppuiation 

It IS notewoithy that the normal spinal fluid, unlike other bodj'- fluids, 
contains neithei enzyme nor antienzyme, and foi this reason, Doehez'^ 
has made a special study of the changes which occur in association with 
inflammation With epidemic meningitis, antienzyme may entei the 
spinal fluid and quickly leaves it With more virulent infection caused 
by pneumococcus or streptococcus enzyme derived from disintegrated 
poljmuelear leucocytes gives to the fluid well marked power to digest 
protein Such active enzyme itself doubtless acts as an irritant and 
increases the severity of the disease 

A few writers, notably Maicliand, exclude the infectious granulomata 
fiom the domain of inflammation, they are those who, on the one 
hand, accept the opinion of Baumgarten that the tubercle is foimed from 
elements of the fixed tissue, and on the other hand, do not apply the term 
“inflammation” to regenerative changes in the fixed tissue IS, evert le ess, 
the greater number of pathologists give weight to the truth tiat le 
tubercle is foimed by a reaction in response to the piesence o an inva lUo 

27 Dochez Jour Exper Med , 1909, xi, 718 
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paiasite, and tins reaction, in its early stage, is identical in cliaiacter 
witli that winch follows the entrance of other bacteria into the tissues 
Tuheiculous tissue, inoieovei, is composed in large part of so-called 
epithelioid cells , these cells have the anatomical stinctiire and phagocytic 
activity of the large mononuclear cells which predominate in the 
latei stages of an acute inflammatory reaction With piesent knowl- 
edge, it is impossible to define clearly the relationship of the tubercle to 
the later stage of inflammation, foi the available evidence has peiinittecl 
no agreement concerning the origin of the epithelioid cells Study of 
acute inflammations produced by a* sterile foreign body or by bacteria 
demonstrates with considerable certainty that lymphoid cells leave the 
blood-vessels and, it is piobable, assume the characters of macrophages 
In the immense accumulation of cells which follows, the identity of vaiious 
elements is lost and only the uneeitain means of tiacing transitions 
fiom one foim to another is available for determining origin of various 
tjpes Large mononuclear cells aie accumulating in the tubeiculous and 
in the non-tub eiculous inflammation after the first twenty-four hours 
There is no doubt that small round cells ivith the character of lymphocytes 
accumulate in the neighboring blood-vessels and migrate from them dur- 
ing the formation of the tuberculous lesion Though transitions from this 
lymphoid cell to epithelioid cells aie not wanting, there is no convincing 
evidence that one is derived from the other 

Polynucleai leucocytes occur m scant number in tubeicles found at 
autopsy, yet in man (Benda), as in other animals, they are the first cells 
to accumulate about tubeicle bacilli which are free iii the tissues Within 
an lioui aftei injection of tubercle bacilli into the blood oi into a serous 
cavity, they aie suiiounded oi ingested by polynuclear leucocytes, mono- 
nuclear cells subsequently appear In some animals, poljmuclear leucocytes 
aie very niimeious in tuberculous tissue In the dog, during the fiist 
few weeks after inoculation of the pleural cavity, polynuclear leucocytes 
occur in immense numbei in the tuberculous tissue which is foimed in 
and on the mediastinum The relative abundance of these cells is depen- 
dent on the character of the bacillus, and in some degree is an index 
of the activity of lesistance upon the pait of the host Virulent tubeicle 
bacilli excite a more active emigiation of polynuclear leucocjtes than 
non-vnulent oiganisms 

If the lesions which are classed as infectious graniilomata are passed 
in review vaiious conditions inteimediate between the tubeicle and 
a simple abscess are found The actinomycotic nodule has many of the 
characters of the tubercle, yet polynucleai leucocytes are so abundant that 
a small abscess is formed in the immediate neighborhood of the micro- 



060 


INFLAMMATION 


organism Glandeis, in man and in lower animals, is usually character- 
ized by abundant accumulation of poljmuclear leucocytes with necrosis 
and suppuration Duval and White-® have shown that the eharacter of 
the lesion pioduced in animals vanes with the virulence of the micro- 
organism Yery virulent strains of the bacillus of glanders rapidly causa 
necrosis of tissue and formation of small abscesses in the liver, lungs and 
other organs, whereas less virulent organisms produee nodules which are 
composed of epithelioid and giant cells and have all the characters of 
tubercles 

The specificity of the tubercle is impaired by the observation that vari- 
ous sterile foreign bodies produce somewhat similar nodulai lesions 
When, for example, finely powdered meal (Kopec-®) in suspension is 
introduced into the peritoneal cavity, the particles are collected together 
in clumps and tubeicle-like nodules are formed about the clumps scat- 
tered upon the peritoneal surface In other respects these foreign body 
tubercles do not accurately reproduce the histological peculiarities of the 
true tubercle Similar foreign body tubercles have been found scattered 
throughout the peritoneal cavity when, under conditions which cannot be 
accurately defined, food particles have entered the cavity through a per- 
foration m the wall of the gastro-intestmal tiact 

It is well known that the tubercle bacillus contains an insoluble wax- 
like substance on which, in part at least, depends its ability to resist solu- 
tion in the tissues , it is not improbable that its peculiar staining proper- 
ties are dependent on the same substance Such wax may be obtained by 
extraction from tubercle bacilli and mtroduced in suspension into the 
body of an animal first attracts polynuclear leucocytes , later mononuclear 
phagocytes accumulate, and among them occur giant cells At the peri- 
phery a fibrous capsule is formed, the wax remains undissolved (Tschis- 
towitsch®®) 

One form of pseudo-tubercle accurately reproduces the histological 
characters of the true tubercle About the eggs of the blood-fluke Schis- 
tosoma japomcum deposited in the liver and in the intestinal wall 
nodules with all the characters of true tubercles are formed Thiough the 
kindness of Dr Henry J Kiehols,®^ I have lately had opportunity to 
examine tissues from a case of schistosomiasis occurring in the Philippme 
Islands The nodules are composed of epithelioid cells containing giant 
cells , at the periphery of the nodule lymphoid cells are abundant Coagu- 

28 Duval and White Jour Exper Med , 1907, iv, 352 

29 Kopec Beitr z path Anat u z allg Path (Ziegler’s), 1904, i^xv, 5b^ 

30 Tschistowitsch Zeitr z path Anat u z allg Path (Zieglers), IMt, 
xlii, 163 

31 Phalen and Nichols Philippine Jour Sc, 1907, m, 223 
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Jation necrosis with the histological characters of caseation occurs in the 
center of the nodules in contact with the egg, and the epithelioid cells at 
the margin of the necrotic area assume the arrangement frequently seen 
in true tubercles^ namehq with long diameter at right angles to the margm 
of necrosis 

The observations ]ust described suggest that the tubercle has a close 
relationship, on the one hand, to the late stage of acute inflammation at 
a time when absorption is in progress and, on the other hand, to the 
changes which occur about an insoluble substance The histological data 
which are available, fail to furnish conclusive evidence concerning the 
origin of the macrophage, which has an important part in acute inflam- 
mation, nor of the epithelioid cell of the tubercle Both cells are capable 
of ingesting and dissolving protem bodies, and both contain enzymes with 
similar properties 

The dog offers a favorable opportunity for study of the enzymes of 
tuberculous tissue and for comparison of these enzymes with those present 
m the sterile inflammatory exudates which are readily obtainable from the 
same animal When tubercle bacilli are injected into the pleural cavity, 
an immense mass of tuberculous tissue is formed in the mediastinum and 
the adjacent Ijmphatic glands undergo enormous hypertrophy The 
power of this tissue to digest protein material exhibits certain noteworthy 
peculiarities During the first two or three weeks after its formation poly- 
nuclear leucocytes are abundant and it exhibits the ability inherent in the 
leucoprotease of these cells to digest in the presence of an alkaline 
medium At a later period with the disappearance of polynuclear leuco- 
cytes, this property diminishes and is finally lost In the early period of 
its formation the tuberculous tissue digests in weak acid as well and at 
a later period when leucoprotease is no longer demonstrable the power 
of energetic digestion m acid persists The enzyme which has this prop- 
erty may be extracted from the cells with water and preserved durmg 
a limited period of time There is little doubt that it is contamed in the 
epithelioid cells which digest withm their substance tubercle bacilli, 
polynuclear leucocjdes, red blood corpuscles and other cellular elements; 
for such cells constitute almost the entire bulk of the newly foimed tuber- 
culous tissue Moreover, when the tuberculous tissue undergoes casea- 
tion and the epithelioid cells undergo necrosis so that a fibrous capsule 
alone persists, protem-digesting activity disappears from the tissue 

Autolysis in the presence of acid is exhibited by the liver, spleen and 
kidney, and these organs exert a limited power to digest foreign protein 
There are at present no available means of determining if the enzimie of 

32 Opie and Barker Jour Exper Med, 1908, x, 645, 1909, xi, 686 
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tuberculous tissue is a peculiar enzyme or is identical with the autolytic 
enzyme of ceitain other tissues Of especial interest is the obsei ration 
that the enzyme of phagocytic cells which are capable of mtracellulai 
digestion is moie active than the autolytic enzymes Opportunity for an 
accuiate comparison is affoided by the livei studded with innumerable 
miliary tubeicles Such tissue contains much more enzyme than normal 
liver 

A peculiarity of the serous effusion which accumulates in the infected 
jileuial cavity in contact with the tubeieulous tissue previously described 
emjDliasizes what has been said concerning the ehaiacter of the enzymes 
contained in this tissue Such seious effusion, like other serous effusions, 
inhibits the enzyme of the polynucleai leucocytes but unlike the seium 
of all othei inflammatory exudates which have been tested, fails to 
restiain the enzyme which is abundant in the tuberculous tissue 

To complete the stud}'’ of enzymes produced during the course of an 
inflammatory leaction, it is necessary to examine the adjacent lymphatic 
nodes Such tuberculous nodes show enzymotic action which differs in 
no respect from that of the tuberculous mediastinum The sinuses of 
the node aie fllled with large mononuclear phagocytes, many of which 
contain tubercle bacilli Befoie caseation has begun, the histological 
appearance resembles that of the same node during the late stages of 
pleurisy produced by a steiile iriitant such as aleuionat, and in both 
instances there is active enzjunotic powei of the same character 

Evidence of the existence of lipolytic enzyme in the cells of tubercu- 
lous exudates and in similai mononucleai cells fiom othei souices has 
been obtained first by Bergel On plates of wax small excavations are 
pioduced after a peiiod of incubation by exudates containing lympho- 
cytes and especially by the exudate obtained fiom so-called tuberculous 
abscesses, oidinary pus produces no superficial solution of the wax plate 
Tuberculous pus-like exudates, moieover, are capable of splitting neutial 
fat obtained fiom butter Lymphatic gland and spleen pulp have similar 
lipolytic action, but bone-mairow, according to Eiessinger and Marie, 
who have confirmed the obsei rations just cited, fails to exhibit it These 
authors have injected wax and various fats into the subcutaneous tissues 
and peritoneal cavity of animals and have found that polynuclear leuco- 
cytes first accumulate , an intense mononuclear reaction follows and effects 
the absorption of the fat They think that the wax-like substance of the 
tubercle bacillus is dissolved by the lipolytic enzyme of the mononucleai 
cells 

33 Bergel Munclien med Wclmsehr , 1909, Ivi, 64 

34 Fiessinger and Maiie Arch d mal du coeui, 1909, ii, 54 
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The conditions nnder which in the body the mtracellulai enzymes act 
and the factors which bung them into action are not clearly understood 
Intracellular digestion by amebas and other protozoa occurs in the pres- 
ence of an acid medium and granules of litmus, and other indicators 
ingested by amebas undergo the usual color changes indicative of an 
acid reaction When phagocytic cells of vertebrates are allowed to ingest 
such indicators in granular form, no such change of color occurs "Wliat- 
ever change of reaction occurs is not indicated by this gross method 

The enzyme of the polynuclear leucocytes is active in a neutral or 
alkaline medium and its behavior in vitio indicates that the reaction of 
the normal body fluids is favorable to it The acids, such as acetic acid, 
which have usually been employed to demonstrate the activity of the 
enz3Tne of the mononuclear phagocytes are not present in the cells or in 
the serum Nevertheless, other acidifying substances such as carbon 
dioxid, or lactic acid, are capable of bringing the enzyme into action It 
is not improbable that conditions which diminish the oxidation of patho- 
logical tissue or inliibit its gaseous interchange, increase its acid content 
and produce conditions favorable to the action of the enzjme 

Solution of bacteria, such as pyogenic cocci, is doubtless effected 
by the proteotytic enzymes contained withm the polynuclear leucocytes 
Metchnikoff has brought abundant proof that living bacteria are ingested 
by the leucocytes but it is uncertain what part enz3fmes have in desti03r- 
ing bacteria The proteolytic enz3’'me of the leucocytes and the bacteri- 
cidal complement of the seium are not identical Abundant histological 
evidence previously cited has shown that the mononuclear cells which 
accumulate at the pi unary site of inflammation dissolve within their sub- 
stance pol3muclear leucocytes, many of which have probably undergone 
degenerative changes before they have been ingested, this process is con- 
tinued and completed in the adjacent l3Tnphatic nodes Indeed, it is not 
improbable that P0I3 nuclear leucocjdes, together with other products of 
tissue degeneration, serve as the principal stimulus to the activity of the 
mononuclear cells Such intracellular digestion of poljmuclear leucocytes 
IS the first step in the resolution of an inflammatory exudate There is 
scant evidence that pol3muelear leucocytes disappear hj autolysis unless 
suppuration occurs 

Absorption of fluid constitutes a second factor in the resolution of an 
exudate When, with diminishing activity of the mflammatory irritant, 
exudation from the blood-vessels ceases, the physiological factors which 
favor absorption of tissue juices rapidl}*^ dimmish the accumulated fluid 
unless the infiammatorj'- irritant or inflammation itself has produced 
changes which alter the adjacent vascular and Ij^mphatic structures, 
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necrosis, suppuration, winch is always accompanied by necrosis, and new 
formation of fibrous tissue, three conditions which are usually associated, 
produce such structural changes 

The large mononuclear cells which act as phagocytes are at first only 
slightly laiger than the cells which they ingest, but those which are 
engaged in digesting many cells attain great size The fate of these laige 
cells after they have accomplished their function is probably not always 
the same Some may enter lymphatics and reach adjacent lymphatic 
nodes According to Maximow, some undergo degenerative changes, 
whereas others remain in the tissue It is not improbable that disappeai- 
ance of exuded fiuid produces conditions unfavorable to their prolonged 
existence and many probably undergo autolysis Diminished blood-supply 
and other factors which might impair oxygenation doubtless increase the 
acidity of their protoplasm and favor self-digestion 

Human pathology affords numerous instances in which inflammation 
pursues its course without noteworthy destruction of tissue and, followed 
by complete restoration to normal, is unaccompanied by any fibrous 
induration of the part Lobar pneumonia, acute serofibrinous pleurisy 
and erysipelas may be cited Such inflammatory reactions are well rep- 
resented by the serofibrinous inflammation which follows the introduc- 
tion of turpentine into the pleural cavity of an animal The fibrin of 
such an exudate undergoes autolysis m vitro under conditions which indi- 
cate the presence of leucoprotease only during the first three days after 
onset of the reaction During this early stage autolysis occurs when 
the fibrin is suspended in weak acid and this ability to undergo self- 
digestion in acid persists at a later stage when fluid has completely disap- 
peared from the chest Fibrin obtained by whipping freshly drawn blood 
exhibits the same property Since the blood-serum contains an enzyme 
exhibiting similar proteolytic activity it is probable that fibrin carries 
with it some of this enzyme when it is precipitated durmg coagulation 
Autolj^sis referable to the presence of this enzyme may explain the disap- 
pearance of fibrin which persists after the fluid of an exudate has been 
absorbed In some instances under conditions which are not understood, 
fibrin fails to undergo absorption and organization with new formation of 
fibrous tissue follows, fibrin is then slowly absorbed and replaced 

Further evidence that formation of scar tissue is not a necessary 
lesult of inflammation even when the reaction is inaugurated by extensive 
destruction is afforded by recent experiments of Whipple and Sperry 
on the necrosis of the liver after poisoning bj'^ chloroform The hepatic 
cells constituting a large part of the liver lobule undergo coagulation 

35 Whipple and Sperry Bull Johns Hopkins Hosp , 1909, xx, 278 
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necrosis j a considerable number of large mononuclear phagocytes collect 
at the site of injury and accomplisli the absorption of the dead liver cells 
By active multiplication of adjacent liver cells, the parenchyma "which 
has been destroyed is replaced and no new formation of fibrous tissue 
follows The liver is restored to normal and there is complete absence of 
cirrhosis, though a bit of tissue removed three weeks before has demon- 
strated necrosis of three-fifths of each hepatic lobule 

Human pathology affords little evidence that tuberculous exudates 
may undergo resolution with lestoration to normal, yet such resolution 
IS doubtless possible and is probably accomplished by the same enzymotic 
action, which brings about the disappearance of an acutely formed exu- 
date Experiments of J L Hichols®® have shown that the exudate of 
tuberculous pneumonia in immune rabbits undergoes complete resolution 
After suppuration has occurred, restoration to normal by the processes 
which have been described is no longer possible The inflammatory reac- 
tion pursues the course which brings it to an end only when enzymes set 
free by disintegration of polynuclear leucocytes are fully held in check 
by the serum which accumulates Wlien intensity of the irritant calls 
forth increasing numbers of leucocytes, and the density of the tissue 
affords restricted opportunity for accumulation of fluid, free enzyme over- 
balances antienzyme and fibrin, necrotic tissues, and perhaps to a limited 
extent adjacent living tissues undergo solution, in the wall of the abscess 
fibrous tissue is formed, what is the immediate stimulus to the new for- 
mation of fibrous tissue has not been determined 

Since long-continued inflammation is associated with new formation 
of fibrous tissue, such sclerosis has been commonly used as an index of 
chronic inflammation Increase of interstitial tissue may furnish evi- 
dence of pre-existing inflammation even though the regenerative changes 
in the connective tissue are not included in the conception of inflamma- 
tion Nevertheless, the resulting confusion has introduced many incon- 
sistencies mto the nomenclature of disease 

In many instances of hepatic ciirhosis, the increased interstitial tissue 
IS sclerotic and scar-like and all evidence of mflammation is wanting, 
the lesion, indeed, has all the characters of a scar and chronic hepatitis 
IS not more applicable than is chronic inflammation to the scar from a 
burn of the skm (Marchand) The same remark is applicable to certain 
instances of granular atrophy of the kidney and to chronic lesions of 
other oigans Such diseases are a combination of degenerative change, 
notably necrosis, inflammatory reaction, regeneration of parenchymatous 

36 Nichols Med News, 1905, Ixxvii, 638 
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elements and legeneiative changes affecting the interstitial tissue The 
relationship of these piocesses has not been sufficientlj'- analyzed 

In most instances of so-called chronic endocarditis the existing lesion, 
peihaps pieceded by inflammatory changes, is sclerosis of the valvular 
segments, and functional derangement of the valve is referable to pecu- 
liarities of seal tissue found m any part of the body The same objec- 
tion IS applicable to fibious myocarditis, applied to the lesion ivhicli 
oceuis in association with aiteiial disease, impairing the vascular supply 
of the caidiac muscle The common designation of chronic aiterial dis- 
ease does not haie the affix “itis” indicating its inflammatory origin 
but arteriosclerosis is used almost synonymously with endarteritis and 
mesarteiitis, lesions in which degeneiative and regeneiative changes aie 
conspicuous, wheieas tiue inflammatoij^ reaction is in most instances 
wholly absent Thoma has pointed to the tiiith that the piesent use of 
the term ^^chronic inflammation,” applied to the liver, kidnej^, heait, 
blood-vessels and other oigans, means nothing more than chionic disease 
Study of pathological structure, eagerly pursued during the last two 
centuiies, is not infrequently regarded as an unprofitable field foi investi- 
gation and perhaps this view is coirect should its scope be limited to the 
observation and description of pathological lesions, but examination of 
present knowledge concerning the natuie and classification of vaiious 
forms of inflammation shows how meager is oui knowledge concerning 
the significance of altered structuie 

If it were possible to define the oiigm of the mononuclear cells con- 
cerned in the inflammatory reaction of all vertebrate animals as well 
as it IS possible to define the character and souice of the common polynu- 
clear leucocytes concerned in the same phenomenon, it might be possible 
to describe with an accurate geneialization the essential nature of the 
cellular accumulation which' follows the action of substances foieign to 
a tissue The possibility that tlie various mononucleai cells which accu- 
mulate are derived from the Ij'mphocjdes of the blood, offers attractive 
solution of the matter, but proof is wanting A definition of inflamma- 
tion, as Metchnikoff has pointed out, must be applicable to the entire ani- 
mal kingdom unless it can be shown that the changes which follow the 
same stimulus in one group of animals are different fiom those which 
occur in another group Metchnikoff has shown lerj'^ cleailj'^ that the pos 
session of a well-formed vasculai system does not furnish this distinction 
In order that the cells which accumulate at the site of inflammation 
may preserve their vitality, a proper medium is essential, exudation o 
seious fluid selves to dilute the inflammatoiy iriitant and doubt ess 
furnish to migratory cells a suitable habitat 
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To survive, an oiganism must prevent, or at least set a limit on, tlie 
entiance of foreign substance Identical plienomena follow the entrance 
both of an insoluble foieign body and of a living invader capable of mul- 
tiplication The exclusion of inanimate mateiial is i datively simple, 
but the stiuggle of one group of living beings to exclude other gioups 
has been the source of almost infinitely complex lelationships The diffi- 
culty of distinguishing what is physiological and what pathological is heie 
obvious Since partial exclusion of bacteiia is an essential condition of 
life, it IS not inconceivable that special poweis which accomplish no other 
physiological function may have developed Phagocytosis of inanimate 
pai tides, such as caimine and charcoal, occurs equally well in serum and 
in noimal salt solution, but most bacteiia must be altered by the seium 
(acted on by opsonin) in order that phagocytosis attain its maximum 
activity It IS probable that agglutination and precipitation have a part 
in the phenomena which, during the course of an inflammatoiy reaction, 
fix and finally destioy ceitain inflammatoiy irritants The bactericidal 
substances of the serum, both those which are normally present and those 
which are formed duiing the pi ogress of immunization, are bi ought by 
exuded serum to the site of inflammation Serum and cells cooperate 

Prom another point of view, cellulai migration fiom the vessels and 
within the tissues may be legarded as a piocess by which certain enzymes 
are quickly concentrated at a point where they are needed Study of the 
protem-digesting enzymes of inflammatory exudates has shown that 
cells and serum must maintain certain quantitive relations in order that 
the inflammatory reaction may accomplish its purpose and permit restora- 
tion to normal without excessive destruction and regeneration of tissue 
Disturbance of this balance is followed by grave consequences which give 
to suppuration much of its ominous character 

Throughout the animal kingdom, the inflammatory reaction affords 
means by which various sulistances, notably enzymes, are delivered in 
unusual quantity in lesponse to unusual local need Inflammation may 
be defined as the piocess by means of which cells and serum accumulate 
about an injurious substance and tend to remove or destroy it In lower 
animals with no vascular system this process with little or no accumula- 
tion of fluid occurs in the suppoitmg tissues In higher animals, it 
begins in the supporting tissues, proceeds with the cooperation of the 
blood-vessels and is completed in the adjacent part of the lymphatic 
system 

SUMMARY 

Inflammation is a piocess which tends to rendei harmless an injurious 
substance , it has its site in the inteistitial tissue of the body This tissue 
consists of fixed cells and fibrillated substances and is penetrated by closed 
lymphatic vessels With inflammation certain cells migrate through the 
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wall of tlie blood-\ essels of the part and entei the spaces within the intei- 
stitial tissue Some of these cells are destroyed, others penetrate the 
endothelial membrane which forms the lymphatic capillaries and hence 
are earned by way of lymphatic vessels to the legional lymphatic nodes 
Bacteiia and many other injurious substances are attacked and 
ingested by the polynucleai leucocytes which migrate from the blood- 
vessels These leucocytes, often injuied by the inflammatory irritant, 
are in turn ingested by large mononuclear cells (maciophages) which 
quickly appear at the site of inflammation ^ The origin of these mono- 
nuclear cells IS still undetermined Ingestion of polynuclear leucocjtes 
and other cellulai material is begun at the site of inflammation and com- 
pleted in the regional Ijmphatic nodes 

The ability of phagocytic cells to remove injurious material is depen- 
dent on the possession of proteolytic enzymes Peculiar to the polynucleai 
leucocytes is an enzyme which, like trypsin, exerts its digestive action in 
an alkaline medium The serum of the blood contains an antienzjine 
which restrains the action of this enzjme should it be set free by disin- 
tegration of the leucocytes, the action of the enzyme is thus limited to 
the locality in which it accomplishes its proper function, namely, within 
the cell Wlien enzyme is set free in such quantity that it overbalances 
the antienzyme of the exuded serum, suppuration occurs, for the purulent 
exudate has in virtue of its unrestrained enzyme acquired the power to 
soften and erode the adjacent tissues 

The mononuclear phagocytes which appear in the late stages of acute 
inflammation, the similar cells which appear in the regional lymph-noues, 
and the cells of similar stiucture which constitute the greater pait of 
tuberculous tissue contain an enzjune which, like pepsin, digests in the 
presence of acid Such phagocytes are active at the site of inflammation 
but their work is completed in the regional lymphatic nodes 

Inflammation is the process by means of which cells and serum accu- 
mulate about an injurious substance and tend to remove or destroy it 
This process does not include the legenerative changes which replace 
injured tissue by newly formed parenchymatous elements or by new intei- 
stitial tissue Present nomenclature of chrome disease contains many 
terms which are inconsistent with Icnowledge of the underljung disease 
Terms such as "parenchymatous nephritis,” "traumatic myelitis, acute 
"hemorrhagic pancreatitis” are applied to conditions which have not 
primarily the characters of inflammation, the term ^chronic inflamma 
tion” is applied to complex morbid changes (e g cirrhosis, chronic nep i 
ritis, mj ocarditis, arteriosclerosis, etc ) in which inflammatory proce. e^ 
have an insignificant part 
161 East Seventy-ninth Street 
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A STUDY OF HEMOGLOBIN- OP COLOEED LABOEEES IN- 

PANAMA 

WALTER V BREM, M D , A^'D A H ZEILER, M D 

CBISTOBAL, CANAL ZONH, PANAMA 

In a region like Panama^ where blood-destroying diseases are so preva- 
lent, the hemoglobin content of the blood and its variations are of special 
significance The present work was undertaken in order to determine the 
relative effect on hemoglobin of certain conditions and infections The 
results of the study will be discussed under the followmg heads 

I The approximate normal hemoglobin of the colored man of the 
tropics. 

II The hemoglobin variation between natives of different "West 
Indian islands furnishmg the largest number of laborers for the work 
on the canal 

III The relative frequency of infections 

IV The influence of certain infections on hemoglobin 

V The influence of climate, work and food on hemoglobin 

The tables given were constructed from hemoglobin estimations, by a 
uniform method, in 359 consecutive patients from the ranks of the 
colored male laborers of the Isthmian Canal Commission The estima- 
tions were made on the day followmg admission to the hospital, and the 
patients were usually within the first three days of their illness The 
mstruments used were two Sahli hemometers, one of which, after agita- 
tion of the standard tube, needed a 13 per cent reduction to standardize 
it to the other The latter was found to be approximately correct by 
determining the color index in a number of normal persons We found 
that it was necessary to modify Sahlfls technic slightly in order to get 
uniform results with his mstrument Sahli introduces the blood imme- 
diately into tenth-normal hydrochloric acid and then dilutes with 
water This technic gives readmgs which are too high and which may 
vary widely with blood from the same patient But umform readmgs 
may be obtained and the error greatly reduced if the blood is introduced 
first into a small quantity of water, and tenth-normal hydrochloric acid 
then added until the brown color of acid hematin is obtained The 
necessary dilution with water is then made 


Read at the meeting of the Canal Zone Medical Society, Jan 5, 1907 
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Examinations oi blood loi malaiidl pamsites weie made ivitli diied 
films stained by Easting’s method Microscopic examinations of stools 
for intestinal parasites oi ova were made with fiesh fluid or semifluid 
stools voided after a saline cathartic The preparations ueie made bi 
withdiawmg small poitions of the fluid stool from the bottom of the 
containing vessel with a pipette The ova of parasites settle out quickly 
and are readily found by this method 


I NOEJIAL HEMOGLOBIN OE THE TROPICAL COLORED MAN 


A senes of foit 3 ^-nine patients from Barbados, the most healthful of 
the West Indian islands, was studied in older to deteiniine the approxi- 
mate normal hemoglobin of the colored race of the tropics These foitj^- 
nine patients weie admitted to the hospital eaily in the course of uncom- 
plicated malarial fever, they had had no former illness in Panama 
Then average hemoglobin was 80 4 pei cent )Since the patients entered 
the hospital very soon aftei the onset of their illness, it is probable that 
then hemoglobin had suffeied hut a slight reduction We think, there- 
fore, that a figure somewhat above 80 4 per cent , about S3 to So pei 
cent , may be fanly considered normal for the healthy colored man of the 
tropics 

Emerson^ reports hemoglobin estimations of the blood of students of 
the Johns Hopkins Medical School These were normal men during the 
thud decade of life, an age with which our series closely corresponds 
He found that with uncorrected instruments the hemoglobin varied as 
follows Gower hemoglobinometers, 150 students, 70 to 130 per cent, 
mean about 92 per cent , Pleischel hemoglobinometers, 176 students, 
mean 93 5 per cent , Daie henioglobinometeis, 156 students, mean 95 per 
cent 

II VARIATION WITH NATIONALITY 


The patients were not numerous enough to enable us to make a com- 
parative study of the hemoglobin of healthy men fiom all the West 
Indian islands rejiresented Howeier, we compared the aierage hemo- 
globin of the patients from three islands fuinisliing the largest numbei 
of laborers These patients weie suffering from the same disease mala- 
rial fever uncomplicated oi associated with uncinariasis, amebiasis, etc 


197 Barbadians 
19 Jamaicans 
IS Maitmiquans 


Aveiage hemoglobin 72 7 per cent 
Average hemoglobin 73 7 per cent 
Aveiage hemoglobin 55 2 pei cent 


The Martiniquans, therefore, veie fai inferior in hemoglobin to the 
Barbadians and Jamaicans, who were piactically equal 


1 Emerson Clinical Diagnosis, p 3C5 
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III RELATIVE EREQUENCy OE INEECTIONS 

Malaiial Fevet — There were 377 patients from Barbados^ Jamaica 
and Martinique Of these, 334, oi 84 5 per cent , were admitted to the 
hospital on account of malarial fever In about 80 pei cent of the mala- 
iial patients, parasites were demonstrated in the peiipheial blood, and of 
these about three-fourths were infected with estivo-autumnal oiganisms 
Theie weie five quartan infections, and the remainder had tertian paia- 
sites 

Uncinai lasis — Of the above 377 patients 36 1 per cent had uncina- 
iiasis Of the Baibadians 34 pei cent weie infected, Jamaicans, 53 6 
per cent , Maitimquans, 66 6 pei cent This percentage applies not only 
to hospital patients, hut to all coloied laboiers fiom these islands, for the 
patients weie not admitted on account of uncinariasis, but the infections 
were found incidentally during routine examinations of stools 

Amebiasis — Intestinal amebiasis was found in eightj -eight, or 34 5 
pel cent, of 359 patients, in sixty instances Entamceba hystolytica was 
present, in twenty-eight, Entamceba coh- Among the eighty-eight 
patients theie weie seven with dysentei} — 8 pei cent All the dysentery 
patients weie infected with Entamceba hystolytica, and two ot them had 
abscess of the liver 

Othei Diseases — Small groups of the following diseases aggiegated 
about 15 per cent of the total number of patients pneumonia, typhoid 
fevei, d 3 senteiy (acute unclassified), tuberculosis, nephiitis, etc 

' IV INELUEETCE OF INFECTIONS ON HEMOGLOBIN 

The only infections presenting groups sufficiently large to be of conse- 
quence were malarial fevei, uncinariasis and amebiasis To study the 
effect of these infections it was necessary to have a laige gioup of patients 
who had lived approximately under the same conditions The Baiba- 
dians, theiefore, were chosen as furnishing the best material on which to 
base the stud} Among 197 Barbadians, 130 had uncomplicated malarial 
fever — excepting amebiasis without dysenteiy and other less important 
intestinal infections, such as tiicocephaliasis, strongyloidosis, etc , sixty- 
seven had combined malaiial and uncinarial infections There were a 
few intestinal infections, each ivith Bilhaizia and Balantidium coli The 
tables indicate the effect on hemoglobin of pievious attacks of malarial 
fever when uncomplicated and when complicated uith uncinariasis and 
amebiasis 

2 Latei study of arneBas by staining leads us to doubt wlietlier or not ne can 
safely differentiate tlie species in tlie fiesli specimen 
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Malai lal Fevei —In Table 1 there is a decided tendency for the hemo- 
globin percentage to decrease as the number of previous attacks of mala- 
rial fever increases, also the relative number of cases of anemia (arbi- 
trary standard, hemoglobin 60 per cent or less) increases "with more 
numeious previous attacks This is true until one reaches the group of 
patients in Table 1, who have had six or more previous febrile attacks 
In tins group there is a relative diminution of the number of cases of 
anemia, and one is surprised to find that there is an increase of 7 per 
cent of hemoglobin over the group of patients that have had 3 to 5 pre- 
vious attacks This phenomenon suggests relative immunity or tolerance 
for the malarial poison 


TABLE 1 — MALARIAL FEVER 


No of Previous 


No Cases 
of Anemia , 
Hb 60 Per 

Average 

Febrile Attacks 

No Cases 

Cent or Less 

Hb Per Cent 

0 

49 

1 

80 4 

1 or 2 

39 

5 

75 

3-5 

23 

7 

65 

6 or -f 

19 

2 

72 

Total 

130 

15 

75 

TABLE 2— MALARIAL FEVER AND UNCINARIASIS 

No of Previous 


No Cases 
of Anemia, 
Hb 60 Per 

Average 

Febrile Attacks 

No Cases 

Cent or Less 

Hb Per Cent 

0 

18 

1 

75 

lor 2 

24 

9 

67 5 

3-5 

14 

4 

70 

6 or -f 

11 

4 

62 



— 

— 

Total 

67 

18 

69 


TABLE 3 — MALARIAL FEVER AND AMEBIASIS 


No of Previous _ . 

Febrile Attacks 

No Cases 

Average Hb Per Cent 

0 

11 

79 

1 or 2 

7 

74 1 

3 5 

2 

57 

6 or 

5 

65 


- ■ ■ 


Total 

25 

73 

TABLE 4— MALARIAL FEVER, 
AMEBIASIS 

UNCINARIASIS AND 

No of Previous _ - , 

Febrile Attacks 

No Cases 

Average Hb Per cent 

0 

4 

81 

1 or 2 

4 

69 

3 5 

3 

70 

6 or -f 

3 

73 



Total 

14 

73 3 


TJncvnaiiasis — Table 2 when compared with lable 1 shows t a 
uncinariasis causes a well-marked diminution of hemoglobin m e 
colored race, the average being 6 per cent less than in uncomp ica e 
malarial fever Moreover, the number of patients with anemia (hemo- 
globm 60 per cent or less) is more than doubled when malaria is com- 
plicated with uncinariasis, the proportion of anemias with combined 
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infections "being 1 in 3 7, against 1 m 8 7 in nncomplicated malaiial 
fever Uncinariasis also appears to prevent a rise of hemoglobin in the 
group of patients who have had six or more previous febrile attacks, and 
who, according to Table 1, should have established a tolerance for the 
malarial poison 

"When it IS considered that none of the patients entered the hospital 
on account of uncmanasis, that the infection was discoveied incidentally 
in routine examinations, and that the proportion of these patients 
infected represents approximately the proportion of colored laborers 
infected throughout the Canal Zone, one sees what an enormous amount 
of blood destruction in the aggregate must be caused by uncinariasis, 
and how numerous must be the cases of weakness and anemia due to it 

Amebiasis — Tables 3 and 4 compared with Tables 1 and 3, respec- 
tively, show that amebiasis without dysentery does not play an important 
rdle in blood destiuction The infection with dysentery occurred in such 
a small number of cases that the anemia due to it was relatively unim- 
portant 

Jamaicans and Maitimquans — ^The groups from the islands of 
Jamaica and Martinique were relatively small, but as far as they go they 
confirm the results obtained by a study of the Barbadians Among nine 
Jamaicans with uncomplicated malarial fever, none were anemic, among 
ten with malaria and uncinariasis two were anemic Among four Mar- 
tiniquans with malaria two were anemic, among fourteen with both 
infections nine were anemic (hemoglobin 60 per cent or less) , i e , 66 6 
per cent were infected with uncmaria, and 61 per cent were anemic 


V EPFECT OE CLIMATE, WORK AND FOOD ON HEMOGLOBIN® 

In studying this subject, we considered that the effect of time spent 
on the Isthmus of Panama might be taken as an equivalent of the effect 
of climate, work and food Barbadians with uncomplicated malarial 
fever were used, and 130 cases divided into groups according to the 
number of months spent in Panama 


TABLE 5 —UNCOMPLICATED MALARIAL FEVER IN BAR- 
BADIANS , HEMOGLOBIN PER CENT ACCORDING 
TO TIME IN PANAMA 


Months in Panama 
Less than three 
Three to five 
Six to nine 
Ten or more 


No Cases 

Hb 60 Per 
Cent or Less 

Average H 
Per Cent 

49 

4 

77 

33 

4 

74 6 

34 

7 

70 

14 

0 

76 5 


Total 


130 15 75 


3 This tvork was done in 1906, before the laborers were fed by the Isthmian 
Canal Commission 
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If the average hemoglobin of these groups is compared with that m 
Table 1, it will be seen that variations according to the numbei of months 
spent on the isthmus are exactly similar to variations due to previous 
attacks of fever, but are not nearly so marked , i e , the variations bear 
a closer relation to previous febrile attacks It is probable, therefore 
that the variations in Table 5 were due to the fact that the numbei of 
attacks of fever increase directly with the time spent on the isthmus, as 
shoun in Table 6 


TABLE G — BARBADIANS, TAMAICANS AND MARTINIQUANS, 
NUMBER OP ATTACKS OF FEVER, ACCORDING TO 
TIME IN PANAMA 



BARBADIANS 

No 

Total Febrile 

Average 
No Attacks 

Months on Isthmus 

Patients 

Attacks 

Per Patient 

Less than thioo 

82 

48 

06 

Thiee to fl^e 

GO 

95 

16 

Sis. to nine 

43 

160 

37 

Ten or moie 

40 

171 

43 

Less than thico 

JAMAICANS 

1 

0 


Three to fi^e 

10 

14 

14 

SI\ to nine 

3 

8 

2 7 

Ten 01 moie 

12 

43 

39 

Less than thiee 

Three to five 

Sis to nine 

MABTIMOUANS 

0 

0 

21 

64 

3 

Ten or moio 

5 

32 

64 


In each group the number of attacks of fever var} directly uith the 
number of months spent on the isthmus The Jamaicans have been on 
the isthmus longer than the Barbadians, yet their aveiage hemoglobin 
is slightly highei than that of the lattei, and this in spite of the fact that 
the former are moie largely infected with uncmaria This seems to he 
due to the fact that the Jamaicans have had feuer attacks of fever, uith 
longer inteivals between the attacks 

In ordei to eliminate as fai as possible the inflaence of infections 
however, ue have taken each group of Table 1 (the groups representing 
so many previous attacks of fever) and subdivided it into groups repre- 
senting time spent on the isthmus Subgroups containing less than 3 
cases aie omitted in Table 7 

The subgioups show very slight differences within the same main 
group, and these differences bear no relation to the number of 
spent on the isthmus The mam groups, however, show well bv 
arrangement a definite relation between the hemoglobin decrease an 
increased numbei of previous attacks of fever Attention is ca le a^ 
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to the unexpected rise of hemoglobin in the gioup of patients who have 
had SIX or more previous febiile attacks, suggesting relative nnmumty or 
increased tolerance for the malarial poison 

TABLE 7— BARBADIANS WITH MALARIAL FEVER, HEMO- 
GLOBIN ACCORDING TO NUMBER OF ATTACKS AND 
TIME ON ISTHMUS 

FInST FEBRILE ATTACK 


Months on Isthmus 


No of 
Patients 

Hb 60 Per 
Cent or Less 

Average Hb 
Per Cent 

Less than three 


34 

1 

80 

Three to fiie 


13 

0 

81 

Sis to nine 

Ten or moie 

ONE OR 

TIVO 

PRI I lOUS 

ATTACKS 


Less than three 


12 

2 

74 5 

Three to five 


15 

2 

71 

Sis to nine 


8 

1 

75 

Ten or more 


4 

0 

81 

THRLF TO FIVE PREVIOUS ATTACKS 


Less than three 


3 

1 

67 

Three to five 


3 

1 

66 

Sis to nine 


15 

5 

62 

Ten or more 

SI\ OR 

■MORE 

PREVIOUS 

AITACKS 


Less than three 

Thiee to five 

Sis to nine 


10 

1 

80 

Ten or moie 


7 

0 

77 


From a study of these tables we think that it is fair to conclude that 
conditions of life on the isthmus — that is, climate, work and food — in 
themselves have no detrimental effect on the hemoglobin content of the 
blood of colored laborers, and that the loss of hemoglobin is a question 
of infections, and of infections only We feel safe in saying, also, that 
this 13 true for uhite Americans on the isthmus, though our observations 
have not 5 et been analyzed 

SUMMARY 

1 The average hemoglobin of health}' colored men of the tropics is 
about 83 to 85 per cent 

2 The average hemoglobin of Baibadian and Jamaican laborers was 
72 7 and 73 7 per cent, respective!}' , that of Martiniquans 55 2 per cent. 

3 Of 277 patients, 234, or 84 5 per cent, had malarial fever, 15 5 
per cent had pneumonia, typhoid, dysentery, liver abscess, tuberculosis, 
nephritis, etc Uncinariasis was found in 36 1 per cent , amebiasis m 
24 5 per cent 

4 The hemoglobin curve of malarial patients vanes inversely with the 
numbei of previous attacks of raalaiial fever until a relative immunity or 
tolerance for the malarial poison is developed, when a use of hemoglobin 
occuis This rise does not take place in patients infected with uncmana 
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Uncinariasis complicating malaria m colored men causes a reduction o£ 
hemoglobin, which averages 6 pei cent less than that of uncomplicated 
malarial infections The complication causes more than double the pro- 
portion of anemic cases Amebiasis without dysentery does not appre- 
ciably affect the hemoglobin curve 

5 Conditions of life on the Isthmus of Panama do not m them- 
selves affect the hemoglobin of colored laborers Blood destruction is a 
question of infection only 

We wish to thank Col W C Gorgas, Chief Sanitary OflBcer, for his permission 
to publish this report 



TAROXYSMAL HEMOGLOBIKUEIA 

AN EXPERIMENTAL STUDY OP A CASE 
C H NEILSON, MD 

ST LOUIS 
AND 

0 P TERRY, M D 

LAFAYETTE, IND 

In the case presented in this article, on which our work was per- 
foimed, any severe chilling of the patient’s skin caused a temporar}’- hemo- 
globinuria, drowsiness, regurgitation of food and other minor symptoms 
to be mentioned later The phenomena were produced either by a chill- 
ing of the general body surface or, what was more common, by the meie 
exposure of the hands and face to cold, damp winds, or by the wetting of 
the feet in cold weather The phenomena were produced experimentally 
in the laboratory by dipping the patient’s feet in water reduced to a tem- 
peiature of 9 to 12 C , even when the general room temperature was 27 C 

Donat and Landsteiner^ in 1904 based their explanation of paroxysmal 
hemoglobinuria on Ehrlich’s side-chain theory Eason,- in his admirable 
papei on this disease in 1906, explained the phenomena in the same way 
Hoovei and Stone® also have shown that the hemolysis preceding the 
hemoglobmuria may be explained by the side-chain theory The ambo- 
ceptor becomes attached to the red blood cells on exposure of the blood to 
a temperature of 5 to 15 C for fifteen minutes to one hour The com- 
plement then causes hemolysis when the temperature of the blood is sub- 
sequently raised to body temperature for a few minutes This experi- 
ment may be performed in a test-tube by using defibrinated blood 

Hoover and Stone have shown that, in the above experiment, the 
hemolysis may be prevented by the addition of cholesterin to the 
defibrinated blood They have explained this by supposing that the ambo- 
ceptois attach themselves to the free cholesterin instead of to the red cells 
They have supposed that it is the cholesterin of the red cells to which the 

* From tlie Physiological Laboratories of St Louis and Purdue Universities 

1 Donat and Landsteiner Munchen med Wclinschr , 1904, li, 1590 

2 Eason Jour Path and Bacteriol , 1906, ii, 167 

3 Hoover, C F , and Stone, C W Paroxysmal Hemoglobinuria , Account 
of Two Cases, The Archhes Int Med 1908, ii, 392 



578 


PAROXYSMAL HEMOGLOBIN ORI A 


amboceptors attach in causing hemolysis Lecithin liad no inhibitory 
effect when used in place of the cholesteiin 

Hoover and Stone admmisteied cholesterin to then patients by moutli 
but weie unable to state definitel)' that any benefit was produced, because 
their patients would not submit to furthei expeiimentation Then 
patients had no subsequent attacks of hemoglobinuiia but as the weather 
was moderate during this tune no hemoglobinuiia would be expected and 
tlie patients w^ould not allow its production by means of an iced foot-bath 
Hoover and Stone weie able to show, howeiei, that calcium lactate 
would not inhibit the hemolysis produced by exposure to cold This result 
was obtained wdiether the salt was given by the mouth, in doses of 60 
grains daity, or was added to the blood in a test-tube 

Manuaring^ has shown that calcium chlorid, as well as other salts, 
inhibits the hemolysis of dog’s corpuscles bj goat’s serum after the goat 
has been immunized against the dog’s corpuscles 

As will be shown later, we have found in oui patient that calcium 
chloiid behaves somevhat like cholesteiin in that it inhibits this hemolysis 
in the test-tube Like Hoover and Stone we are unable to give definite 
conclusions after administration of the salt by the mouth because of the 
refusal of the patient to be expeiimented on further 


IIISTOKY OP CASE 

Patient — F N S, aged 28, boin in Rocliehtei , N Y, of German parentage, 
lived theie twentj’’ years, two yeais in Ohio, thiee yeais in Texas, and three 3'eais 
in St Louis lie has aluays been in lailroad work, is a switchman now He has 
been mariied two yeais, has no childien His fathei died at 55 of dropsy of the 
heait, his mothei is alive at 68 in good health He has five brotheis all in good 
health One sistei had “led mine” fifteen yeais ago, she had an operation (sup 
posedly for the “led mine”) and now enjoys good health Two other sisters have 
alwajs enjoj^ed good health Oui patient had “typhoid-pneumonia” in Rochestei , 
no sickness in Ohio He had tj'phoid in Texas in 1904 He lived in St Louis a 
3'eai before he had an attack of hemoglobinuria He has had four attacks 0 
gonoiihea, the last one in 1905 He had waits on the penis in 1904 pio a y 
chancroids The patient eats legulaily, his appetite is good He sleeps itc 
smokes much, does not dunk alcoholic beveiages He has nevei had an a ac 0 
hemoglobinuria 111 the summei 

Piesent Illness— Yhe first attack occuiied in the fall of 1907 and consisted of 
one red urination after a chilling of the skin Recuiiences then fol owe 
two 01 three Aveeks duiing the winter of 1907 08 oi oftener, depen 
veathei An attack usualty began with a chilly sensation (Hoover , 

observed a subnormal temperature at the beginning of an attack, an we o ‘ 
it once experimentally) This chilling was followed by more or ess 
probably a simple regurgitation of food such as ve noticed in cm „ 

There A\as no accompanying nausea or pain Daik red urine was pas 
to tuehe hours afterward There was much diovsiness, sligi pain in 


4 Manwaiino Joui Infect Dis , 1904, i, 122 
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on movement, pai ticularly of the ankles The skin of the face, hands oi feet 
ithat pait evposed to the most cold) fiist showed a blanching, followed by edema 
and finally by hypeiemia, with a return to normal in ten to twelve hours A 
good night’s rest in bed was sufficient to cause the patient to feel perfectly well 
except, possibly, for a slight drousiness the following day 
Examination — In Novembei, 1908, the patient came under the care of one of 
us (iSTeilson) in St Maiy’s Hospital, in St Louis A tlioiough physical examina- 
tion at this time pioved practically negativ'e The blood was examined as to the 
number of red and white cells, which weie normal No paiasites were found 
Examinations of the stomach and feces pioved negative Repeated examinations 
of the urine showed an intermittent albuminuria The time of the occuirence of 
albumin was independent of the presence of hemoglobin Sometimes the two sub- 
stances occurred togethei The experimental application of three small pieces of 
ice at points about one and one half inches apart on the back of the hand caused 
thiee local areas of edema, which became confluent, then hypeiemic and finally 
disappeaied in six to eight houis This slight chilling did not cause hemoglobin- 
uiia (at least not to a degiee appieciable to the eye) 

At this time heavy woolen undei clothing, felt boots and general instiuctions 
to keep waim were given the patient Ten giains of calcium chlorid three times 
daily weie prescribed The patient vorked all of the wiiitei of 1908-09 vitli only 
two very mild attacks of hemoglobinuria One of these occuri ed after the patient 
had temporal ily stopped taking the calcium chlorid foi a week The calcium 
chloiid caused no gastric distuihances 

EXPERIMENTS 

In July, 1909, the following expeiiments weie peifoimed, the patient continu- 
ing to work as switchman foi ten to fouiteen houis daily Because of tins, and 
his reluctance to be expeiimented on, our lesults aie not as complete as we could 
desire 

General Methods — ^In deteimining the hemolytic powei of the patient’s serum, 
10 cc of blood weie diawn from the median basilic vein and were allowed to clot 
in a steiile centiifuge tube The blood was later centiifuged and the seiuni con- 
stitutes the “h s” (hemolytic seium) of the expenments A 20 per cent suspen- 
sion of washed blood corpuscles was obtained by allowing 1 c c of blood from the 
finger of the patient to run into a few drops of steiile 1 pei cent potassium 
oxalate solution The coipuscles were then washed eight times with sterile eightli- 
moleculai sodium cliloiid solution by the aid of the centiifuge The suspension 
uas then diluted viitli sterile eighth-moleculai sodium cliloiid to make a 20 per 
cent suspension of corpuscles The calcium cliloiid and all glassware used in 
these experiments weie carefully sterilized In the experiments of July 28, it 
will be noticed that v\ ashed coipuscles weie obtained fiom two sources, one was 
the patient himself the other vas another man In the experiments of July 16, 
only the lattei veie used It vmII be noticed that in the expenments of July 28 
slightly diffeient lesults weie obtained with the two different suspensions of cor- 
puscles 

In the expenments of July 19 and 28, the hemoglobinuna was produced experi- 
mentally by inimeismg the patient’s feet in water kept at 0 to 12 C hi' means of 
ice The ice watei was constantly tliroun up over the patient’s ankles On July 
19, this iced footbath was continued for twenty minutes, on the 28th foi thirty 
minutes On both dajs the temperature of the loom was about 27 C 

July 16, 1909 — I Expemments Deto mining the Inhihitory Effect of Calcium 
Ghloiid on the Hemolysis of Red Blood Coipuscles hy the Patient’s Geium — ^No 
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calcium chlond had been given internally to the patient for six months Ten cubic 
centimeters of blood were drawn from the patient at 8 a m This was allowed to 
clot for two hours, was then centrifuged The serum obtained constitutes the 
“h s ” of the experiments One cubic centimeter of blood was drawn from another 
person at 8 30 a m The corpuscles were washed eight times with sterile salt 
solution and were then diluted to 20 per cent of their original volume These con 
stitute the “b c” of the experiments 


The mixtures shown in Table I were made in small test-tubes 
(See) at 11 a m 


TABLE 1— HEMOLYTIC POWER OF PATIENT’S 

CALCIUM CHLORID 

1 1 cc m/s NaCl + 02cc hs -fOSce 20pei 

cent b c 


2 1 c c m/8 NaCl + 02cc bs 4-05cc 20pei 
cent b c 


3 0 3 c c m/s NaCl -h 02 ccbs -f05 cc 20 
pel cent be -j- 0 c c CaClj 


SERUM BEFORE TAKING 


Placed immediately at 37 
C There was no lakina 
until 4 30 P m and then 
it was slight 

Placed Immediately at 3 C 
for 30 min , then at 3 1 
C After 20 min , at 37 
C there was slight hemo 
lysis At 1 p m there 
was complete hemolysis 

Placed at 37 C (as No 1) 
There was slight hemplv 
sis at 3 p m (possibly 
of bacterial origin) 


4 0 3 c c m/s NaCl -f- 02 cchs 4-05 cc 20 
per cent be -j- 0 7 c c CaClj 


’laced at 3 C for 30 min , 
then at 37 C (as No 2) 
There was slight hemoly- 


At 4 30 p m tubes 1, 3 and 4 looked alike , 
In tube 2 theie was complete hemolysis 


theie was slight hemolysis in all 


Tins experiment was performed a second time 
of hemolytic serum and of calcium chlorid were used, but without changing 

''' Tim first point to be noted in this experiment is that, m Mi^uresJ and 3, 

which were not subjected to the low tempeiature o nccurred only after 

immediately at 37 C , there was only slight hemolysis, and ^7. 

four hours This may have been due in part to bac g a m to 

probable, however, is that there was sufficient coo ing o rilaced at 37 C 

n a m to cause some hemolysis to 

From the time the blood was drawn (8am) o ei , . 27 C to 28 

(11 a m ) the patient’s serum was at room temperature, 

C It was impossible to keep the blood at body ^ Tube 2 This 

The second point to note is that hem^ysis i °°° , it was placed 

tube was subjected to a temperature of 3 C or iir ^ amboceptors 

at 37 C Theoretically it was during the exposure to 3 0 t^t the a P 
became united to the red cells, the complements causing the lalung w 

was raised to 37 C for a few minutes iipmolvsis was inhibited by 

The third point to note is that in Tube , jSiaCl), although this 

th. presence of 07 ec of m/S CaCl. (m s wee Tube 2 

tube was subjected to the same coohng and subsequent warmn. 

(m which there was complete laking) 

July 19, 1909—11 chlorid had been given 

{Applied foi Twenty Minutes) on the Patient Is 

internally to the patient for six months 
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TABLE 2— BLOOD COUNT AFTER ICED FOOT-BATH— NO CALCIUM CHLORID 


Blood Corpuscles- 
White 


Time 

Body 

temp 

Urine 

Red 

Absolute 

Absolute 

Poly 

LL 

■Relative 

SL 

(%) 

M 

Bos 

L 

Mono 

8 30 a m 98 4 
8 40 to 9 a m 

Normal 5,200,000 11,520 62 23 12 2 

Iced foot bath ReRurgitation of food at the end of time 

3 

0 

9 00 a 

m 97 8 

Dark 

5,680,000 

10,100 

62 

23 

8 

1 

3 

8 

11 10 a 

m 98 7 

Black 

5,760,000 

10,600 

90 

6 

4 

0 

0 

0 

2 30p 

m 98 0 

Brown 

5,120,000 

8,600 

80 

19 

1 

0 

1 

0 


The first point to which we wish to call attention is the apparent health of 
patient at 8 30 a m 

The second point is the regurgitation of food at the end of the iced foot-bath, 
the subnormal temperature, the hemoglobinuria and the very slight change in the 
absolute number of red and white blood corpuscles We have no explanation to 
offer for the changes in percentage of the white corpuscles Careful differential 
counts were made by two different people — ^their results tallying — on different 
smears 

The third point is the other symptoms , the ankles first became edematous then 
hyperemic, returning to normal in about thiee hours The patient became drowsy 
The hemoglobinuria lasted for six hours Patient felt as well as ever the follow- 
ing day 

July 28, 1909 — III Experiments Detei mining the Effect of the Internal Ad- 
ministration of Calcium Ghlorid for Eight Days — ^Immediately after the experi- 
ments of July 19, the patient was given ten grain doses of calcium chlorid three 
times a day for eight days These experiments are divided into two parts 

1 At 8 a m 10 cc of blood were drawn fiom the median basilic vein This 
blood was allowed to clot, the serum being used to determine the effect of the cal- 
cium chlorid on the hemolytic power in the test-tube These experiments were 
similai to those performed on July 16 (before any calcium chlorid had been given 
to the patient) In these experiments we attempted to find whether there had 
been sufficient absorption of the salt into the blood to cause inhibition of the 
hemolysis 

2 At 8 37 a m the patient was given an iced foot-bath similar to the one of 
July 19, except that in this case the bath was continued for thirty minutes instead 
of twenty minutes, because at the end of twenty minutes the patient showed no 
signs of an attack of hemoglobinuria and said he was not going to have an attack 
As IS shown below, we did cause a mild attack by prolonging the bath 

1 Results of the experiments determining the hemolytic power of the patient’s 
serum in the test-tube These experiments were performed exactly as were those 
on July 16 In these, however, two different samples of corpuscles weie used 
Mixtures 1, 2 and 3 were made using the patient’s oivn red blood cells, mixtures 
4, 5 and 6 were made with corpuscles from the subject used for this purpose on 
the 16th The blood was drawn at 8 a m The mixtures were made at 11 30 a m 

TABLE 3— HEMOLYTIC POWER OP PATIENT’S SERUM AFTER TAKING 








CALCIUM CHLORID 


1 

05 

c c 

m/8 NaCl -f 

04 

c c 

h s 

-f- 

0 25 c c 

b c 

Placed immediately at 37 C 
No hemolysis at 5 p m 

2 

0 5 

c c 

m/8 NaCl + 

04 

c c 

tl s 

+ 

0 25 c c 

b c 

Placed at 3 C for one hour, 
then at 37 C Slightly 
laked at 1 30 p m No 
more at 5 p m 

3 

0 5 

c c 

m/8 CaCU -f 

04 

c c 

h s 

+ 

0 25 cc 

b c 

Placed at 3 C for one hour, 
then at 37 C No hemolysis 
at 6 p m 

4 

0 5 

c c 

m/8 NaCl + 

04 

c c 

h s 

+ 

0 25 c c 

b c 

Placed immediately at 37 C 
No hemolysis at 5 p m 

5 

05 

c c 

m/8 NaCl -h 

04 

c c 

h s 

-t 

0 25 c c 

b c 

Placed at 3 C for one hour, 
then at 37 C Complete 
hemolysis at 1 30 p m 

6 

0 5 

c c 

m/8 CaCL + 

0 4 

c c 

ll s 

-f 

0 25 c c 

b c 

Placed at 3 C for one hour, 
then at 37 C No hemoly- 
sis at 5 p m 
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The first point to he noted in this evpeiiment is that not a sufficient amount of 
the calcium chlorid had been ahsoibed into tlie blood to inhibit completely the 
hemolysis in either tube 2 oi 5 

The second is that there was moie hemolysis with the foieign corpuscles (5) 
than when the patient’s own coipuscles weie used (2) These lesults weie obtained 
when the blood seium was cooled to 3 C foi one hour 

The thud point is that the hemolysis pioduced by the exposure to the temper- 
ature of the 3 C was completely inhibited in Tubes 3 and G to which calcium 
chlorid was added in place of the sodium chloiid 

Fouith, another obvious point is that the hemolysis did not occur m those 
tubes (1 and 4) which Aveie not subjected to the cooling (3 C ), but which iveie 
placed immediatelv at 37 G 

2 Results of giMiig the patient an iced foot bath, the piincipal symptoms are 
briefly summaiized in Table 4 


TABLE 4 —BLOOD COUNT AFTER ICED FOOrB4TH, FOLLOWING CALCIUM 

CHLORID 



Time 


Bodv 

Uilnc 

W^hite Blood 

Cells, Re! 

lative 

(%) 





temp 


Bolv L L S L 

Mast 

Eos 

L 

Mono 

8 

30 a 

m 

98 8 

Noimal 

(Lost) 





8 

37 to 

0 07 

iced foot bath No 

legui citation of food 





0 

10 a 

ni 

98 G 

Biownisb 

08 2C 4 

0 5 

05 


1 

10 

10 a 

in 

98 0 

Noimal 

25 G5 S 

1 

1 


0 

3 

30 p 

in 

98 G 

Noimal 

77 17 0 

O 

2 


2 


The points to -which we wish to call attention are, fiist the appaient health 
of the patient at S 30 a m , second, the longei time dm mg which the foot bath 
was given ovei that of July 10, and, thud, the fact that the ankles did not show 
the edema that they did on July 19 Theie was no i egui gitation of food, no sub 
noimal tempeiatuie, and onlv slight hemoglobinui la foi one urination We have 
no explanation foi the vaiiations in the peicentage of the white blood cells The 
patient did not become drowsy He said, aftei the batli that lie felt as veil as he 
ever did 

A long couise of the internal administiation of calcium chloiid was then 
attempted, but fuiunculosis occuiied and the salt was discontinued aftei two 
months Ho hemoglobinui la occuired dining this time, the weather was not 
seveie, howevei, and tlie patient refused to be fiiithei expeiimented on 

We cannot state definitely that calcium chloiid when administered by 
the mouth does pievent this hemoglobinuiia, but in view of the inhibitoiy 
effect on hemol^'sis in the test-tube, and the appaient gi eater difficulty 
of producing hemoglobinuiia by foot-baths aftei the administration of 
calcium chlorid, we feel justified in concluding that if sufficient calcium 
chlorid could be intioduced into the blood, and letained, no hemoglo 
binuria wmuld occur 

Gland Avenue and Caroline Stieet, St Louis 200 Pen in Avenue, Lafajett 


i 



ADAMS-STOKES’ SYJfDEOME, WITH COMPLETE HEAET- 
BLOCK, WITHOUT DESTEUCTIOH OF THE BUHDLE 

OF HIS 

E B KRUMBHAAR, MD 

PHILADELPHIA 

That clestiuction of the aiTrieiilo-ventiieulai bundle of His in the mam- 
malian heait will alwa3's cause heart-block has been lepeatedl)^ proved 
both experimentally and by numerous climco-pathological observations 
within the last five years ^ The converse of this proposition, howevei, 
that heart-block is always caused by destruction of the afoiesaid bundle, 
has by no means been pioved, and, m fact, it is most probable that theie 
are several othei causes that may produce this dissociation of auiicular and 
ventricular ihythin What these causes inaj be it is not yet possible to say , 
this paper is nieiely to show that complete heait-block and the symptoms 
of Adams-Stokes^ syndionie may exist, not only without destiuction of 
the bundle of His, but with insignificant lesions no greater than those 
found in noimal bundles Furtheiniore, following the principles estab- 
lished by the expeimients of Erlanger and Hering, it has geneially been 
supposed that partial heart-block was caused by paitial destiuction of the 
bundle of His (lound-cell and fatty infiltration, paitial sclerosis and so 
on), wheieas complete block was supposed always to be caused by com- 
plete obstruction, but this is also contradicted by the pathological find- 
ings in the piesent case 

The patient, who piesented the above conditions foi at least more than 
five years, was undei the caie of Dr Eobeit Pittfield, to whom I am 
obliged foi the pathological material and the clinical notes of the case 
An abstract of the histoiy is as follows “ 

Patient — Captain D, 76 yeais oM, A\idowei foimei sea captain and dentist 
Excellent family liistory Ain ays smoked considerable tobacco, never drank to 
evcess, denies any syphilitic infection In eailiei life bad a seiere attack of 
acute articular rheumatism and also pneumonia His piesent illness began seven 

From the Ayei Clinical Laboiatoiy of the Pennsylvania Hospital 

1 Foi bibliogiaphies of heait-block and Adams Stokes’ symdrome see lan 
den Heuvel De Ziekte van Stokes- Adams, Doctoiat Thesis, Gionigen Decembei, 
1908, Pletneiv Engeb d inn Med u Kinderlieilk 1908, i 47 and Unii Penn 
Med Bull, Xovcmbei, 1908 \xi 278 

2 Foi full lepoit of the eailiei histoij' of the case ‘^ee Pittfield Medicine 
Detioit, 1904, "v, 054 
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yeais ago shortly after an attack of influenza and a long penod of trying watch- 
ing by the bedside of his wife, and he has been more or less invalided by it ever 
since He easily becomes shoit of breath on exertion, such as climbing stairs, 
and feels his heart throbbing in his chest His ankles occasionally become swollen 
so that his shoes feel tight, and there is also some gastric disturbance, as mam 
fested by heartburn and gaseous eructations If he undergoes any sudden exer- 
tion or sometimes even if straining at stool, he is subject to epileptiform attacks 
These always give some warning and occur in the following manner The pulse 
becomes slower and slower and when it reaches about 18 beats to the minute 
stops altogether for some seconds The respiration becomes noisy and then 
stertorous He feels that he is going off The muscles of the face begin to 
twitch The vessels of the neck become turgid and the face cyanotic, and con- 
sciousness IS entirely lost After a minute or two, the convulsion ceases, the 
pulse IS manifest at the wrist, the eyes open, consciousness is restored and the 
patient is none the worse for the attack 


Examination — ^In 1904 the patient was a hardy, weather-beaten man, with a 
maiked aicus senilis and rigid temporal and radial arteries Heart was hyper- 
trophied, apex-beat in eighth space beyond the midclavicular line There was a 
marked retraction of the chest wall after each ventricular systole A blowing 
systolic murmur ivas heard at the apex Pulse-rate 21, varied from 41 to 19 
When the cardiosphygmograph was taken the ventricular rate varied from 28 to 
30 per minute, the auricular rate from 60 to 70 and the auricular beats were 
shown to come quite independently of the ventricular A drink of whisky tem- 
porarily raised the ventricular rate to 34 Synchronous with the pulse on auscul- 
tation, there was a heavy systolic contraction at the wrist, followed by two, 
three or rarely four minor, hui ried aborted systolic sounds, that gave no palpable 
impulse at the wrist The urine was slightly increased in amount, good color, 
normal specific gravity, no albumin or sugar A few hyaline casts were con 
stantly found 

Course of Disease — ^The condition of the patient continued with but little 
change, except that the epileptiform seizures became more frequent and severe 
Shortly before his death he had a particularly severe attack while sitting on a 
pot after taking magnesia, and his pulse rate went doivn to four beats to the 
minute At this time his pulse rate was usually about 20 to 25, the auricular 
contractions plainly audible and the venous pulsation with the extra-auricular 
systoles plainly visible It was noted that his general condition always tended 
to be worse, the slower his pulse rate was One month before his death he began 
to suffer with intermittent claudication of the left leg Almost every day he 
would have an attack of seveie pain in the left leg, with pulse less marked on 
that side This caused him to limp and often to fall down For the last two 
weeks before his death, he was confined to his bed, did not recognize his friends, 
was rather flighty, but with no actual delusions He became very weak and dira 
suddenly late at night, without any premonitory signs — gave one gasp and fell 
over dead 


Paitial Autopsy— This showed cardiac hypei trophy, chronic interstitial 
nephritis (small red granular kidneys), chronic passive congestion of lungs an 
liver, marked arteriosclerosis 

Gross Description of Heart (Heart has been preserved complete with the 
aorta in formalin ) The heart is quite large, weighing 490 gm The epicardiu 
is diffusely thickened and contains a moderate amount of fat Ihe ngnt si , 
which has not been opened, still contains a good deal of 
tricuspid and pulmonary valves appear quite thin and delicate le 
is fairly large and capacious There is perhaps some trifling thickening at the 
margins of the mitral valves and at the bases of the mitral valves lere a ? 
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opaque yellow plaques which aie thicker than the valve substance These extend 
beneath the posterior leaflet of the aortic valve, where perhaps they are densest, 
and one plaque extends for 0 5 cm over the septum ventnculorum The septum 
itself is quite large, except for the little plaque very thin and delicate About 3 
mm below this small plaque the wall of the ventricle begins One and one-half 
cm below the septum there is a raised, opaque, white thickened patch on the 
endocardium 1 cm in diameter The aortic valves are large, voluminous, but are 
stiffened at their bases by calcareous plaques The cavity of the left ventricle is 
small and the wall is thickened, averaging 22 to 15 mm The character of the 
muscle can no longer be made out It is difficult to dissect out the coronary 
arteries, but at their orifices there is much calcification of the wall, which 
extends as far as they can be followed The aorta at its base shows fairly large, 
opaque, yellow calcified plaques and in the ascending portion pin-head sized 
nodules of the same character From the transverse arch, the aorta, as well as 
its main branches, is the seat of an extensive calcification and atheiomatous 
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Fig 1 — From the case of complete heart-block, showing auricular systoles 
that are not transmitted to the ventricle Auricular systoles, visible in tracings 
of both apex beat and jugular pulsations, are numbered 7 to 14, ventricular sys- 
toles letteied c, d, e (From Dr G C Robinson’s article on Gallop Rhythm, Am 
Jour Med Sc , 1908, cxxxv, 870 ) 


ulceration, which increases until it reaches its maximum just above the bifurca- 
tion where the lining is composed of a thin layer of calcareous material broken 
and ulcerated in many places Part of this breaking is, however, due to an 
attempt to open the vessel At the transverse arch there is perhaps slight dila- 
tation, which IS also true of the thoracic portion, which measures 7 5 cm in 
circumference, the abdominal aorta measures 6 5 cm in circumference 

No attempt is made to dissect out the bundle of His, for it is not possible to 
see any gross change in the region of the course of the bundle which might affect 
its structure, and it is preserved intact for microscopical examination 

Histological Examination of the Auriculoventricular Bundle of His A section 
of the heart septum to include the bundle of His was taken as follows The upper 
border parallel to the auriculoventricular groove of the right side extending from 
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a position above the undefended space 2 5 cm m the diiection of the coronary 
sinus, the lower hoidei almost parallel to this, about 1 cm below the auriculo- 
ventncular groove oi septum Ihis occurs as a sheet of loose fibious tissue sep 
aiating the delicate overhanging shell of the musculatuie of the right auricle 
from the light ventricular septum Ihe lateral borders of the section were cut 
perpendicular to the above The middle leaflets of the tricuspid and aortic 
valves are cut avaj’’, so that only the stumps show in the sections Serial sec- 
tions Aveie cut from below up almost parallel to the auriculoventriciilar groove 
The plane of sectioning was taken with the posterior portion (i e, that nearer 
the coionary sinus) somewhat neaier the gioove than the anterior portion, so 
that allowing for the oblique course of the bundle of His from auricle to ven 
tilde, some single sections would show the continuous course of the bundle from 
auricle to ventricle (i e , in longitudinal section) If section is made parallel 
01 perpendicular to the gioove, the bundle is ahiays shown in oblique or cross- 
section, and while its course can be traced, no one section shows it running from 
aiiiicle to ventiicle Serial sections were made about 6 microns in thickness, but 
owing to the toughness of the tissue occasional sections w’ere lost or had to be cut 
thickei Tw'o hundred and eighty seven sections w’ere examined Of every five 
slides, one w'as stained with hematoxylin and eosin, anothei wuth Mallory’s con 
nective-tissue stain Suhsequentl}' the intervening slides w'ere stained wuth 
hematoxjlin and eosin As the heait w’as fixed in formalin, the sections do not 
take the hematoxylin eosin stain as biilliantly as after fixation in Zenker’s fluid 
Beginning in the auricle (i e, the last section cut). No 287 show's nothing 
but auriciilai musculature and the thick w'all of the aorta Lowei doivn (No. 


250) this IS found meiged w'lth the fibrous tissue of tlie aui iculoventricular sep 
turn and in the auricular fat and musculature near the septum appeal the deli- 
cate interlacing fibers of Taw'aia’s nodule This seems to be quite noimal, and is 
easilj distinguishable from the coarser, straighter fibers of the auiicular mus 
eulature As the senes is follow'ed low'ei, small isolated masses of muscle tissue 
aie found in the middle of the septum and fine delicate fibers approaching it 
from the \entiiculai side At No 190 in the series, the fibers fiom the ventricu- 
lar side pieice the aui iculoveiiti icular septum and aie in direct communication 
AVitli Tawaia’s nodule Following still low'er, the septum intervenes betw'een the 
auricle and the bundle, which is found cut in oblique section Tins constituted 
the main bundle, as it lies betw'een the pars membranacea and the ventricle 
before its division into the two ventricular blanches Tlie fibers have the 


appearance chaiacteristic of the bundle of His — much more slender and paler 
than the normal heait muscle, w’lth stiise faint oi absent and nuclei more numer- 
ous As IS noimally the case thej' are separated by loose connective tissue, but 
in some places theie is also found betw'een the fibers, appaientlj in the centei 
of the bundle occasional small bands of fairly dense connective tissue, with fre 
quent long cyhndiieal nuclei This was not found in several normal bundles that 
I examined, though it w'as present in others and in some the loose type o con 
nective tissue was gi eatei than in the specimen of heart block 

The sections now' begin to show some of the ventriculai musculature with the 

stump of the tiicuspid valve on the light side and of the aoitic on ® 

No 118 the bundle, apparently of smaller volume, divides into the two brandies 

that to the light side diving deep into the musculatuie and ^ ’ 

that to the left being very super ficial The lattei is separate , 

eulature by a definite layer of fibrous tissue Cut in cioss sec ion, i i 
a thin sheet over the surface There is little detail to be ou , i » ‘o' 

pale, lathei vesicular cells are found that suggest Puikinje eis 

Thus the continuity of the bundle can be traced unbroken ^ 

nodule to beiond its subdivision in the lentiicles with no abnormality. 
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than an occasional slight increase of connective tissue, no greatei than is found 
in other hearts that have never exhibited any heait block 

Section from the left ventricle shows a marked increase of lathei loose fibrous 
tissue, this IS especially striking immediately beneath the endocardium, and does 
not bear any direct relation to the blood vessels The heart-fibei sale narrow, 
stain palely and in some cases aie vacuolated with consideiable peiipolai pig- 
ment On the edges of the fibious aieas oi isolated in them, small ati opined 
musculai fibeis aie nunieious 



Fig 2 — From the case of complete heart-block Longitudinal section of tlie 
bundle of His in the venti icle bef oi e dii ision into the tv o bi anches, shov iiig prac 
tically no increase of connectne tissue Camera lucida, Zeiss Oc 2, Obj A 


Section from the right ventricle shows less fibious tissue, but still more than 
normal with broader, more noimal muscle fibers The spreading pale fibers, 
analogous to the Purkinje fibeis, aie well sliovn beneath the endocardium 

Section from the auricular septum shows much fat scattered betveen the 
muscle lobules and also between the individual fibers The muscle fibers them- 
selves are veil pieseived In one place near the junction of the left surface of the 
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supenoi vena cava with the right amide a circumsciibed collection of about a 
dozen laige ganglion cells were found 

Serial sections were also made through the sino auricular junction in the plane 
given by Keith to show the muscle fibers in which the heart beat is supposed by 
him to arise Numerous continuous sections were found resembling fairly closely 
the appearance as given by Keith The constant artery ivas found in its proper 
position just above the auricular musculature and around it a network of tissue 
easily distinguishable, grossly and microscopically, from the surrounding loose 
fibrous tissue This network, which was in direct connection with thin bands of 
muscle in the wall of the base of the vein, apparently contains but little muscular 
tissue It consists mainly of small isolated muscle fibers, cut obliquely and in 
cross section, surrounded by rather dense fibrous tissue Several control series, 
with which I have compared it, all evhibit much less fibrous tissue and more 
muscle than does this senes, and the muscle resembles strikingly the reticulated 
arrangement of Tawara’s nodule The significance of this fibrous change will be 
considered later 

Section from the aorta shows great localized thickenings of the intima, with 
inciease of fibrous tissue in the media Occasional rather extensive, circum- 
scribed collections of small lound cells are present in the outer layers of the 
adventitia 

Summarizing, we find a tj^pieal case of Adams-Stokes’ s 3 mdrome with 
complete heart-block, known to have existed for at least five years The 
permanent bradycardia was replaced by an even more marked paroxysmal 
bradycardia during the syncopal attacks At autopsy a chronic myoeaidi- 
tis of the ventricles is found associated with a generalized sclerosis 
throughout the body There is no gross lesion in the neighborhood of the 
bundle of His and microscopically the bundle can be traced in unbroken 
continuity from Tawara^s nodule to a level m the ventiieles well bejnnd 
its subdivision into two branches Besides the fat lobules and loose con- 
nective tissue normally found in the bundle, there are here and there 
slight evidences of increase in connective tissue, but this is no greater 
than IS found in the bundles of many hearts that have never shown heart- 
block Bibrous changes are found in the muscle bundle desciibed by 
Keith in the sino-auricular junction 

Shortly after the rediscovery of His^ bundle in 1904 by Eetzer® and 
Braumg,^ Erlanger’s® well-known experiments proved that both partial 
and complete heart-block could be produced by clampmg the bundle with 
different amounts of pressure After the proclamation of such an attrac- 
tive hypothesis for the etiology of heart-block and Adams-Stokes’ syn- 
drome, it was but natural that much enthusiasm should be shown in 
hunting for supportmg evidence in man In this way a rapidly increas- 

3 Retzer Arch f Anat u Physiol , Anat Aht , 1904, p 1 

4 Braunig Arch f Anat u Physiol, Physiol Aht, 1904, p I, SuppI 

5 Erlanger Bull Johns Hopkins Hosp, 1905, vvi, 234, Jour Expei Med, 
1905, vii, 676 
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ing number of cases of heait-block have been reported in -wbicli at autopsj’’ 
lesions of the bundle of His were found In a fairly large percentage of 
cases the lesions were gummatous, neoplastic, ulcerative or cicatiicial and 
the bundle of His as well as a portion of the septum were unquestionably 
completely destroyed In other cases, however, the lesion described was 
much slighter, and its causative relation to the heart-block does not seem 



Fig 3 — C 9 ntrol from a case of normal rhythm Bundle of His in same area 
as Figure 1, showing, if anything, more connective tissue Camera lucida, Zeiss, 
Oc 2, Ohj A 


conclusively proved Such conditions are found as ‘^the bundle has 
undergone considerable sclerosis,” “tendency to fibrosis” or “more than 
half the cross-section of the bundle consists of connective tissue,” or 
“the bundle showed fattj^ infiltration and degeneration” In these 
cases the possibility of other causes, such as lowered conductivity of 
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the anatomically unchanged muscle, changes in the nervous contiolhng 
mechanism, and so foith, cannot be excluded Pertinent from this point 
of view IS Lewis*® apt compaiison of tlie connection between auricle and 
’^entiicle to a tiain of gunpouder laid between two magazines 

Light the one and e\plode the othei Destioy half the thickness of the 
tiain h 3 pouiing uatei on it and the explosion travels equally well through the 
othei half but if in destioving the fiist half lou damp the second half, then the 
explosion will he delayed 

The auiiculoventiiculai bundle not onl) contains moie connective 
tissue than is found in the ventiicles with a looser aiiangement of muscle 
fibeis but also its actual size Amries consideiablj in diffeient hearts 
Incomplete lesions like those mentioned, theiefoie, aie all the moie diffi- 
cult to inteipret coriectlj’’, and it ina) faiily be said that in many of them 
the eausatne relation to heait-bloclc is ^^not proven” 

Cases of heart-block without any lesion of the bundle of His are much 
laiei I have been able to find m the literature only tuo such eases, and 
even one of these is not absolutely cleai In the case reported by Deneke ‘ 
Pain® was unable to find an}' gross oi microscopical lesion, but later 
states that m an abnoiniall}' long bundle the piece taken for section was 
so short that not all the bundle was examined, so that he could not defi- 
nitel} state that there was no lesion 

The second case lejioited b}' Hagajo® is much similar to the present 
one, except that the heart-block was incomplete and the clinical symp- 
toms less severe and of shoitei duration At autopsy no lesion of the 
bundle was found, although there vas an extensive ventiiculai mj'ocardi- 
tis Hagayo considers that the block occurred in this altered muscula- 
ture, and on this assumption proposes a muscular t 3 pe of heart-block 
(i e, not in the auiiculoventiiculai impulse-conducting mechanism) 
It IS possible that the present ease may belong to this class, but in this 
eient the class must be extended to include complete block also In a 
case of incomplete block Heineke, Muller and Hosshn^® found a com- 
plete clestiuction of the bundle Aiitli leplacement by seal tissue Thev 
tired to explain the persisting functional connection between the tvo 
chambers bj the assumption that duiing the gradual destruction of the 
bundle new minute musculature connections were formed between auricle 
and ventricle, oi that pieviously unobseii'ed minute bridges had taken on 
the function of transmitting the impulse 

6 Lewis Blit Med Join . 1908 ii 1798 

7 Deneke Aicli f klin Med, 1906 Kxxix, 39 

8 Fain X^iicliov’s f path Anat , 1907 clxxxviii 562 

9 Nagayo Ztschi f kliii Med, 1909, Kmi 495 

10 Hemeke, Mullei and Hosslin Deutscli Aicli f klin Mec , > 




Fi<; 4 — Riiio mn iciiHi biiiidle of Kiith and Flack Fioin the alo\c case of 
complete heait block Cio-s section of pact of the nail of the supcnoi \ena ea\ v 
shonmg one half of the sinoaiiiicnlni hnndle in cioss section '1 he aitcn nhich 
IS constants found in the ccntei of the bundle is seen at the top of the pictnic 
with the tine letieulated muscle fibcis of the mho auiiciilii bundle about it Some 
of the coaisei auiiculai musculatuie is seen at the left of the pictuic t amei i 
lucida Zeiss C)c 2 Obi 
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Theie have been seveial cases repoited in which the heart-block has 
been tempoiaiy and followed by complete recovei} The most striking is 
that of Earnshaw,^^ in which a patient had two oi thiee attacks of 
complete block, lasting several weeks and accompanied by symptoms of 
Adams-Stokes’ syndiome, but terminating in an appaiently complete 
lecoverj The cause of the block was not ascertained Some, for 
instance, Tayloi’s ease,^“ due to intestinal toxemia, were cMdentlv 
purely functional, otheis, occuiimg in the course of an acute infection 
such as iheumatism, piobabl} weie due to oiganic change ilin interest- 
ing example of this kind is lepoited by Geihaidt tlie incomplete block 
with frequent syncopal attacks developed during an attack of acute articu- 
lar rheumatism and acute peiieaiditis With improvement in the malady 
the heait-block disappeared, but a few months later the patient con- 
tracted tj^phoid fevei and died At autopsy the auiicle and ventricle 
were found to be normal, except that in the bundle of His there was a 
considerable round-cell infiltration uith sclerosis of the lessel walls 

Magnus Alsleben^^ has recently reported numerous examples of tem- 
poiaiy heait-block, occuiring in the course of acute infections Some 
were in cases of acute rheumatism and very probably underwent the same 
pathological course as the case just described Another occuriing in a 
fatal case of exudative pericarditis at autopsy showed no change in the 
bundle of His In a convalescent pneumonia, incomplete block was pro- 
duced bj the use of digitalis , and, in fact, digitalis block has now become 
well recognized 

All these observations tend to show that heait-block, even when com- 
plete, may not only be temporary, but may depend on a much more com- 
plex condition than a simple lesion or destruction of the bundle of His, 
and in the present case it is fair to assume that the cause of the complete 
auiiculoventiiculai dissociation must be sought foi elsewhere than m 
any moiphological change of the musculai connecting mechanism Where 
the cause does lie must remain a matter of conjecture, as in this ease at 
least its site cannot be proved Physiological changes, a^;, for instance 
a lowering of the conductivity of the bundle, might be possible, althougli 
they would hardly persist uninteiiuptedly foi several years witliout 

11 Eainsha%\ Papei lead at Med Sect of Pliila Coll of Physicians, Jan. 
10 1910 

12 Tavloi, F L A Case of Transient Heait Block Due to Intestinal Toxemia. 
Join Am Med Assn , 1908 L, 1246 

13 Geihaidt Deutsch Aich f klin Jled 1908, xciu 4S5 

14 Alslehen, Magnus Ztscln f klin Med , 1909, Kix 82 

15 Foi the liteiatuie on digitalis block, see Hewlett Jour Am Med Assn. 
1907, xlviii, 47, Slackenne But Med Join 1905 pp 519 812, Eihl Ztschr f. 
Expel Path u Theiap ii p 74 
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organic lesion As it was impossible to examine the medulla and the 
vagi their possible influence also cannot be excluded The myocarditis, 
especially marked in the ventricles, or an unobservable change in the ulti- 
mate union of the connective mechanism with the ventricular wall, may 
have been sufficient to block the impulse after it had passed thiough the 
bundle, although both of these would necessitate a lesion over a wide- 
spiead area 

According to the latest researches, there is but little doubt that neives 
accompany the muscle bundle Both Tawara^® and Eetzer® have spoken 
of the presence of nerves, but more recently Wilson’-'^ has demonstrated 
an extensive system of ganglion cells, nerve fibrils and plexuses that 
accompany the bundle from the auricle to the ventricle This discovery 
opens anew the whole question of neurogenic versus myogenic transmis- 
sion of the nerve impulse, and, without entering into any discussion of 
this subject, it should be recognized that a lesion of the nervous mechan- 
ism must be considered a possible causative factor 

Apropos of the fibrous changes in the bundle of Keith in the sino- 
auricular junction, Hering^® has shown in dogs’ hearts that section 
through the sulcus terminalis, cutting Keith’s bundle, causes cessation of 
the heart-beat When the beat is resumed, if auricle and ventricle are 
both beatmg with their independent rhythm, a condition mdistinguish- 
able from heart-block is brought about Though it is not capable of 
proof, it may be that the fibrosis of Keith’s bundle in the present case 
caused in this way a dissociation of auricular and ventricular beats rather 
than a failure of transmission of the impulse through the bundle of His 
Very recently ThoreB® has stated that he has found a continuous set of 
muscular fibers jommg Keith’s smo-auiicular node and Tawara’s nodule, 
which resembles histologically their characteristic structure This, of 
couise, was not investigated in the present case, as the sections had 
alieady been cut before the publication of Thorel’s paper 

As regards the nomenclature of the condition, there has been a tend- 
ency, especially among English and American writers, to confuse the 
terms ^^Adams-Stokes’ syndrome” and ^dieart-block ” This is unfor- 
tunate, not only because the former term should mclude the idea of syn- 
copal attacks and bradycardia, irrespective of dissociation of the auricles 
and ventricles, but also because the two distinguished physicians wiose 
names it bears described conditions that are by no means necessari y 

16 lairaia Das Eeizleitungsystem d Saugetierlierzens, Gustav Pisclier, Je 

1906 _ 

17 Wilson Proc Eoyal Soc , 1909, Lvxm, Senes B, 151 

18 Henng Munclien med Wchnschr , 1909, Ivi, 845 

19 Thorel Munclien med Wchnschr , 1910, Ivii, 183 
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restricted to heart-block Adams-® merely described a case of bradycar- 
dia with apoplectic seizures which at autopsy sho'wed evidence of a fatty 
degeneration of the heart, and he undoubtedly knew nothing of the con- 
dition which we know as heart-block Stokes’^^ monograph was entitled 
^^Observations on Some Cases of Permanent Slow Pulse ” Some of his 
cases reported were evidently cases of true heart-block m which he recog- 
nized the extra-auricular contractions and some were almost certainly 
not Since then the usual name given to it by French writers has been 
^^pouls lent permanent, avec attaques epileptiformes,” and, in fact, Char- 
cot^- thought that it was usually caused by lesions of the central nervous 
system, though he did not deny that the heart might m some cases be the 
seat of the trouble Huchard,^® who suggested the name ^“^Adams-Stokes’ 
syndiome,” considered it to be due to a sclerosis of the coronary and 
bulbar arteries, both helping to cause an anemia of the bulb, in other 
words, an intermittent claudication of the heart and medulla Whether 
true 01 not in the present case, it is an interesting coincidence that the 
patient suffered from a distinct intermittent claudication of one leg for 
several days before his death Various other extracardial causes have 
been suggested, supported by good pathological evidence Eecently Plet- 
new^ has suggested that the condition should be known as the ^^Moigagni- 
Adams-Stokes’ syndrome” on account of two similar eases that the 
Italian anatomist^^ described 

Without attempting to inquire too closely into the extracardial form 
of Adams-Stokes’ syndrome, or intimating that the present case belongs 
to this class, a few evident examples of tins form may be quoted as cases 
of Adams-Stokes’ syndrome not caused by lesions of the bundle of His 
To be sure, they all occurred before the modern methods of investigating 
the pulse were in vogue, so that block cannot be absolutely excluded, but 
the nature of the cases fairly allow the assumption that it did not exist 
In the first place, there is Holberton’s celebrated case,-^ in which, after 
an injury to the neck, there slowly developed an extreme bradycardia with 
fainting fits At autopsy the antero-posterior diameter of the foramen 
magnum was found much diminished with ankylosis between the atlas 
and skull and thickening of the dura and ligaments This caused com- 
pression and diminution in the size of the medulla and upper cervical 

20 Adams Dublin Hosp Eep , 1827, iv, 396 

21 Stokes Dub Quart Jour Med Sc, 1846, ii, 73 

22 Charcot Legons sur les maladies du systeme, nerveaux, 1872, ii, 140 

23 Hucliard TraitSs cliniques des maladies du coeur. Pans, 1893, p 308 

24 Morgagni . De sedibus et causis Morboium, Letter 9, Art 7, and Letter 62, 
Art 5 

25 Holberton Med -Cliir Tr, London, 1841, Senes 2, vi, 76 
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cold The heart was hypeiti opined and dilated, but there was no gioss 
lesion of the valves oi septum Another inteiestmg case is that of jSTeu- 
berger and Edingei/^ in ivliich a man having chronic constipation suf- 
fered fioin biadyeardia and fainting spells occurring during defecation 
He gave no clinical evidence of a heart lesion, and the pulse, nevei ovei 
60 . occasionally fell as low as 18 , oi foi short peiiods stopped entirely 
The autopsy, peifoiined by Weigeit, showed a noinial heart, but lemaik- 
ahle changes in the ceiehral nervous sj'stem There was almost a com- 
plete absence of the light lobe of the cerebellum, and in the neighboi- 
hood of the decussation of the pyramids a small venous vaiix with begin- 
ning hemoiihagic infaiction of the siiiiounding tissue The explanation 
given of the paroxysmal biadyeardia uas that the stiainmg at stool 
caused a congestion and thus pressure on the nuclei and loots of the 
vagus 

Theie is also eiidence that stimulation of the peiipheial vagus can 
cause bradycaidia and fainting spells, though it is not definitely known 
whethei oi not this is accompanied by dissociation of auiiele and ventii- 
cle Eoi instance, Heiing and others have been able to cause the ven- 
tiicle to diop beats by stimulating the vagus, whereas Brlanger consideis 
that the vagus influences the ventricle entiiely tliiough the auricle 
While taking caidiac tracings fiom one of his pupils, Thanhofer,-^ by 
exerting digital pressuie on both jineumogastiics, caused not only 
extreme biadycaidia, but a syncopal attack that lasted several minutes 
In a case of biadycaidia and airhythmia without heart-block, Heineke^” 
found that pressure always caused fuithei slowing of the pulse and at 
one time a s5’’ncopal attack 

As it IS an accepted tact that destruction of the bundle of His in the 
niammalian heart will cause heart-block and the S3'mptoms of Stokes- 
Adams’ syndioine, it seems proper to consider two mam t3'pes the neuro- 
genic and the cardiogenic, the former pioducmg a true biad3caidia, the 
latter a heart-block, oi dissociation of the aiiiicles and ventricles An 
attempt at further elassiflcation has been made b3'^ Haga3'0® m subdi- 
viding the cardiogenic oi heart-block into (a) Retzleiiting typiis, 
with complete heart-block, cilwa3's caused b3' complete destruction of the 
bundle, and (b) muscular t 3 'pe with incomplete block accompanied b3 
fatty degeneration, cellular inflltration of the bundle, and so forth Diat 
these distinctions cannot alwa3's be maintained, however, is sbovn bv 
larious other observations as well as the present one 

26 Neubeigei and Edingei Beil klin Wclinsclu 1898 

27 Thanliofei Centialbl f d IMed Wissensch , IS/o, \ni, 4U& 
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CONCLUSIONS 

1 Adaius-Stokes’ s3’ndiome and complete lieait-block can exist nniu- 
tenuptedly foi lears with little oi no lesion of the bundle of His 

2 Whethei the lesion in such cases ina}' be m one oi iiioie diffeiout 
stiuctuies^ and what those stiuctuies ma} be, or whethei the difficult}' is 
pniely functional, has not }et been detei mined, but it is piobable that 
theie may in some eases be tiio oi moie contiibntmg causes, both func- 
tional and 01 game 

3 A possible explanation of the di«-soeiation of aniicle and ventiicle 
in the piesent case may be that following a fibrons of the smo-anriculai 
bundle of Keith, the two chambeis beat with independent ihythm lathei 
than that the impulse was not propeily conducted to the ventiicle 

My thanks aie due to Dr W 1 Longcope foi fieqiient help in the prepaia- 
tion of this papei 

Note — ^In most of the locent hibliogiaphies of heait-hlock, Giiinbaum’s case 
of guninia of the intiaventiiculai septum is misquoted as appealing in the 
Medical Jownal, 1906, i, 378 Ihese refeiences have all been copied fiom Ewait’s 
oiiginal quotation, vhich should lead Lancet, London, 190G, i, 378, appealing in 
the tiansaetions of the West London Medical Society By peisonal communica- 
tion, howevei, I have just leained, since the collected pi oofs foi this papei weie 
letuined, that the heait is the same as that desciihed by Keith and !Millei, Lancet, 
London, Nov 24, 1906, and theiefoie should not he consideied as a sepaiate case 
111 the liteiatuie 



STUDIES OF BOUE METABOLISM, ESPECIALLY THE PATHO- 
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OP OSTEOMALACIA - 
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1 INTRODUCTION 

Among the more frequently occurring pathological conditions to which 
human beings are subject, there are hardly any about which we know so 
little as those which may be roughly designated as chrome rheumatic con- 
ditions — a rather loose term used to include the various conditions known 
as osteo-arthritis, rheumatoid arthritis, osteitis deformans, arthritis 
deformans, chronic gout, rheumatic gout, chronic rheumatism, etc And 
there are hardlj’’ any pathological conditions which have mterested mvesti- 
gators in so many branches of medical science Among clinical men 
investigations have been earned on not only by the mternist, orthopedic 
surgeon and neurologist, who are constantly called on to treat symptoms 
due to these conditions, but also by men interested in such special 
branches, as, for example, the eye, some of whom maintain that many 
disorders of vision are closely bound up with certain of these rheumatic 
conditions Investigations are being carried on constantly by patholo- 
gists and bacteriologists, and all of these conditions have been attributed, 
at one time or another, to certam bacteria To show the interest taken in 
these diseases by those who concern themselves with the chemical side of 
pathological conditions, it is necessarj^ only to mention the term 'Wic- 
acid diathesis ” This term brings out again the relationships which these 
rheumatic disorders bear to widety different^conditions in the mmds of a 
large portion of the medical woild, for diseases of nearly everj' organ of 
the body have been attributed to the uric-acid diathesis Eegardmg the 
causes of these diseases, it may be said that there is probably scarcely any 
other group of conditions in the study of which so little progress has been 
made in the last century In fact, in this matter, we are but little 
advanced beyond the old days when all diseases were attributed either to a 
‘Iiumor” circulating in the blood or to a “fauH^'^ diathesis ” 

* This paper was completed in its present form in December, 1908 Its pub 
hcation was delayed by circumstances over which the author had no contro 

* From the Department of Biological Chemistry of the Harvard i e i . 

School 
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Several years ago Drs Goldthwait, Painter and Osgood of Boston 
made certain clinical and pathological investigations into some of these 
conditions^ the results of ■which made it seem "n'orth "while to continue the 
•work along chemical lines The ■work "was started "with these investiga- 
tors and later contmued independently " After some prelimmary urmary 
analyses, it seemed clear that if "we "were to learn anything about the proc- 
esses taking place m the bone it "would be necessary to make complete 
metabolism experiments in which the food, urine and feces might be anal- 
yzed quantitatively for calcium, magnesium, phosphorus, sulphur and 
nitrogen As the amounts of these elements excreted, with the exception 
of nitrogen, are very small, it was evident that short experiments of a few 
days’ duration would show nothing But there were technical diflSculties 
m the way which made such complete metabolism experiments lasting a 
week or more, practically out of the question if carried out by the usual 
methods The amounts of most of these elements in different foodstuffs 
are so small that the analytical errors would be enormous, and, as each 
article of food would have to be analyzed, the time necessary for the 
analyses in connection with a single experiment would be practically pro- 
hibitive These difficulties have probably been in large part responsible 
for our present ignorance regarding the metabolism of inorganic elements 
The first step necessary, therefore, was to devise a method of carrying on 
metabolism experiments which would overcome these difficulties 

Such a method was devised and published ^ The details will not be 
repeated here. It will suffice to say that a single sample well concentrated, 
dried, mixed and powdered, is finally obtamed which represents the food 
of the whole experiment, thus makmg only single (or rather duplicate) 
determinations of each element necessary Having obtained a method, it 
was necessary next to find proper cases on which to perform metabolism 
experiments 

Metabolism experiments were performed on a number of patients 
Cases were plentiful, and our cases were carefully selected to represent 
distinct t}^pes of disease, and different stages of the same type In some 
cases a second experiment was performed on a patient after the condition 
had changed The patients were of both sexes and of widely differing 
ages and conditions of life The conditions included rheumatoid arthritis, 
osteo-arthritis and osteitis deformans Examination of the results dis- 
closed some interesting facts Eor example, in certain cases, accompanied 
by h}q)ertrophy of the cartilage and atrophy of bone, there was a 

* A part of the expenses were contributed by the Proctor Fund for the Study 
of Chronic Disease 

1 hlcCrudden, F H A New Technic in hletabolism Experiments, Jour Jtled 
Research, 1903, iv, 135 
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retention of sulplmi, an element m winch caitilage is coinpaiatnely iicli, 
and a loss of calcium, an element in winch bone is iich These and other 
findings aie discussed in the published papeis,- and will therefoie not be 
1 epeated here They sei ved to show the i aliie of studies of this kind But 
it was iilain that befoie we could accurately inteipiet the lesults of such 
studies we must know moie about the noimal metabolism and inoie about 
the pathology of these diseases 

Latei, T took np the woik at this point Tn the meantime, I was led 
by the wide-spiead discussion of the niic-acid diathesis and the relation of 
line acid to these diseases to stud)^ tins side of the question I nndeitook 
fiist the task of making as complete a study as possible of the liteiatiiie on 
the subject The task pioved to be no light one as the liteiatuie is leiy 
much scatteied In fact, in all piobability tlie leason that so much niis- 
infoiniation concerning uiic acid jnevails is that the many investigations 
on the difteient phases ol the niic-acid question have not been collated I 
felt theiefoie that I vas doing a seivice in publishing the lesults of my 
study ^ But while veiy inteiestmg from the standpoint of puie biological 
chemistiy, this study pioved that ve have not the slightest leason foi 
believing that line acid has anjdhing to do vith iheumatism The idea 
that unc acid is lesponsible foi these iheiimatic conditions can be tiaced 
back to the Romans The teini ‘‘gout” comes fiom a Latin woid “gutta,” 
which e-\ pi esses the idea of the Romans that the disease was due to a 
poison vliich sepaiated out of the blood diop by diop into the joints In 
the middle ages the poison oi “hiimoi” vas laiiously called “black bile” 

01 “taitar” It was lefened to as the “matena peccans” by Sydenham 
•Some years after the discoveiy of iiiic acid in bladdei -stones by Sclieele'* 
and Beigmann® in 1776, Muiiay Forbes® expressed the view that the sub- 
stance was the “matena peccans,” and the view was rendered more prob- 
able by the discovery of unc acid in gouty tophi bj'^ "Wollaston’ When, 

2 Goldtlnvaite, J E, Paiiitei C F, and Osgood, K B The Piehminaiy 
Bepoit of a Senes of Metabolism Obseivations Made in Atiophic Arthritis, Hypei- 
ti opine Aithiitis, Osteitis Defoinians, and the Noinial, Am Med, 1904, vii, 547, 
590 Goldtlniait, Paintei, Osgood, and McCiudden A Study of the Metabolism 
in Osteomalacia, Am Join Physiol, 1905, xiv, 211 McCiuddeii, F H The 
Effects of Castiation on the Metabolism in Osteomalacia, Am Join Physiol, 
1906, vvii, 211 

3 McCiudden, F II Unc Acid, the Chemistij, Physiology and Pathology 
of Unc Acid and the Physiologically Impoitant Punn Bodies nith a Discussion 
of the Metabolism in Gout, Boston, 1905, Foit Hill Pi ess 

4 Scheele, K E\amen Chenneum Calculi Uiniaiii, Opusciila, 17 iC, ii, /3 

5 Bergmann, T Opusciila, 1776, iv, 232 

6 Foibes, M A Tieatise on Giavel and Gout London, 1793 

7 Wollaston On Gouty and Unnaiy Coiici etioiis, Phil Ti , London, 1797, 3 > 
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in 1848, Gairod® found niic acid in gonty blood the inattei uas considcied 
settled The extension of the nnc-acid theoii to include all iheumatic 
diseases and many othei pathological conditions is due chiefly to the 
writings of Alexander Haig of London, and is based on evidence that is 
not worthy of seiious consideration It can be seen that the idea is a 
direct inheritance of the ancient hiinioial pathology, only iiov, instead 
of ‘‘black bile” or “tartar/’ a definite cheniical substance, uric acid, is the 
poisonous material As I was interested more in bone metabolism than 
in iiiic-acid metabolism, I turned again to a stride of the metabolism of 
the inoiganic elements 

Foitiinatety, at this time, a moderately scieie case of osteomalacia 
became available for study Here was an opportunity to study a disease 
in which the chemical changes in the bone are much greater than in an\ 
other bone disease Here, too, was a condition that had been much studied 
by pathologists, and in udiicli the pathologists bad come to two radically 
differing views concerning the process which is taking place The view of 
Viiehow IS based on the assumption that the inorganic part of bone is a 
dead material like the chitinous cuticula oi crabs and certain insects 
undergoing no metabolism once it is laid down, and that of Cohnheini on 
the assumption that, at least well into adult hie, bones are the “^eat of an 
uninterrupted and coincident apposition and resorption yiist as is the case 
in muscle or other tissues As these two views embody fundamental!} dif- 
ferent concepts concerning bone metabolism, it was hoped that chemical 
studies might be of considerable value A number of metabolism expeii- 
inents on our patient and on animals, and analyses of noimal and osteo- 
malacic bones were theiefoie earned out The results give a clearer insight 
into the process taking place in osteomalacia and enable us to decide 
between the two opposite news of the micioscopists In addition thev 
throw considerable light on the subject of bone metabolism 

2 OSTEOMALACIA 
I HISTORICAL 

Let us biiefl} considei what is knoun or belieied concerning tlie 
etiology and the process taking place m osteomalacia A detailed his- 
torical consideration of the different phases of the subject vill be gone 
into where necessary later in the paper At this point it will be neces- 
sary to point out only certain features as an introduction to my plan of 
experimental studies The disease has been known for about a century 

8 Gariod A Ob5ei\ations on Ceitain Pathological Conditions of the Blood 
and III me m Gout, Rheuniatisni and Blight’s Disease Medico Chii Ti London 
1848, \v\i, 88 



600 


BONE METABOLISM AED OSTEOMALACIA 


and a half Almost from the time the disease -vras first recognized, there 
was discussion concerning its identity with rickets But clinical and ana- 
tomical diffeiences were soon observed which settled that question 
Whether oi not the process gomg on m the two conditions is essentially 
the same is another question Early m the last century, microscopical 
and chemical examination of specimens of bone in this disease showed 
decalcification similar to that which takes place when dead bone is placed 
in dilute hydrochloric acid This appearance suggested that the condition 
was due to the action of an acid which dissolved the mineral constituents, 
leaving behind the soft osteoid tissue This view is the one taken by 
Lobstein, Virchow, and, m fact, most pathologists since These investi- 
gatois considei the process in osteomalacia and m rickets essentially dif- 
ferent, in that in osteomalacia, the lime-free bone is believed to be normal 
bone from which the inorganic constituents have been dissolved out by 
an acid, whereas, in rickets the lime-free bone is beheved to be newly 
made bone free from inorganic material Cohnheim® was the first to 
expiess doubt concerning the correctness of Virchow’s conception of the 
process According to Cohnlieim, the bones, even in adults, are under- 
going active anabolism and catabolism In osteomalacia, when bone is 
destroyed, oiganic substances as well as lime salts are taken up by the 
osteoclasts and then new bone made up of the organic matrix, but free 
from lime salts, is laid down just as in rickets Evidence supportmg 
either of these two opmions was not available at the time Cohnheim 
wrote We can say, therefore, that until aftei 1889 nothing was known 
about the process taking place in osteomalacia except that the bones 
become poor in lime salts and that the decalcification begins at the inner 
surface of the bone and giadually reaches toward the middle of the 
coitex 

In legal d to the cause of the disease, hardl}' a guess was made imtil 
within tw^enty jmais Ceitain investigators stated that thej'’ found lactic 
acid in the urine of patients with osteomalacia — a finding which was used 
in suppoit of Virchow’s opinion that the process is one of hahsteresis 
But even this, if true, did not go verj'^ deeply into the cause Since 1894, 
the disease has been very generally believed to be a disease of the ovaries, 
a belief due to the gjmecologist, Pehling In 1879, anothei gjmecologist, 
Poehier,^o had removed the uterus and ovaries as a complement to a 
Cesarean section in a case of osteomalacia, and noting that the patient 


Lectures on General Pathology, TransI by A McKee, 1889, 


9 Cohnheim, J 

* 10 Pochier Sur les modifications r§centes de I’opSration efisarienne, ^ 
d’un cas d’amputation utero ovarienne comme complement de cette op ra i , 
Lyon mSd , 1879, xxxi, 393, 473, 505, 545 
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promptly lecoveied from tlie osteomalacia, lecommended that the opei- 
ation be tried as a therapeutic measure I'ehling^’- performed the opeia- 
tion on a number of patients, and, later, in a number of other cases, 
removed only the ovaries The operations were followed by very good 
results, and, as a result, !Fehling expressed the opinion that osteomalacia 
was due to some disturbance in the functions of the ovaries It has been 
suggested by other writers that osteomalacia is a disease of the adrenals, 
and of the thyroid gland, but the view of Fehling that osteomalacia is a 
disease of the ovaries is at present the prevailing one 

It will be seen that before the process taking place in osteomalacia 
can be described and the cause explained, a number of points must be 
settled We must know how the chemical composition of the bone in this 
disease differs from the normal, especially in its content of calcium, mag- 
nesium, phosphate, sulphur and nitrogen, and how the absorption and 
excretion of these elements differ from the normal in various stages of the 
disease We must Imow vhat evidence there is of the presence of acid 
in the tissues We must consider the evidence of histological examina- 
tions that have been made since Cohnheim wrote It will be necessaiy 
also to consider certain clinical factors concerning the occurrence of 
osteomalacia, its course without treatment and with various kinds of 
treatment, especially castration It will be necessary to consider the clin- 
ical effect, and the effect on the metabolism, of castration And, in 
addition, it will be necessaiy to consider certain other matters — the nor- 
mal metabolism of inorganic elements, the artificial production of rickets 
and osteomalacia, the apposition of foreign elements by bone — matters 
that bear on the inteipietation of my results These matters will be taken 
up in sequence, and the facts which I and otlieis have established stated 
Fmally, the various established facts will be brought together and an 
attempt made to describe the process, explain the cause and outline the 
treatment 

II THE PROCESS IN' OSTEOMALACIA 

1 The Composition of the Bone in Osteomalacia 

A Inorganic and Organic Material Chemical analyses long ago 
showed that the amounts of mineial matter in the bone, and especially of 
the lime salts, were decreased in osteomalacia The earliest analysis, a 

11 Felilmg, H Zelin Castrationen , Em Beitiag zur Frage nacli dem Werthe 
der Castration, Arcli f Gynak, 1884, xxii, 441, Ueber Wesen imd Beliandlung 
der puerperalen Osteomalakie, Arch f Gynak , 1891, xxxix, 171, Weitere Beitrage 
zur Lehre der Osteomalakie, Arch f Gynak , 1895, xlviii, 472, Ueber Osteomalacic, 
Ztschr f Geburtsh u Gynak , 1894, xxx, 471 
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lough one of Bostock/^ showed but 20 pei cent of “eaithy mattei” in 
the bone in a case of this disease But in this case, and also in the 
analyses of Marchand, Bognei, Eagsky and -son Bibia, the authois did not 
lepoit their results in such form that they can be compaied with latei 
lesults That the piopoition of inoiganic mattei is decieased and that of 
oiganic matter inci eased is shown by Tables 1 and 2, which show the pei- 
contagc of each in the bone 


Tabil I — Noumal Bo^L 


Inoi g.anic Organic 

Fipiichs' 65 9 70 2 29 8 341 

Lelnn-iiint 67 72 32 28 

Zaleskj't 65 44 34 56 

Langendoiff and Monnnseng 54 24 45 76 


'Fieiichs Uebei die Clieniischc Ziissaninienset/nng dei menscliliclien 
Knoclien, Ann d Cliein ii Phaini, \liii, 251 

t Lehmann Uebei die cliemiselie Zusaniinensetiiiing dei Knocben, Schmidt’s 
Jaliib, 1843, wwiii, 277 

t Zalesky Uebei die Zusaninienset/ung der Knocben des Mensclien und vei- 
scluedenei Tliieie, Med Clieni Unteisiicli a d Lab 7u Tubingen (Hoppe 
Seylei’s), 1866, i, 19 

§ Langendorff, 0, and i\Ioninisen J Beiti,ige zni Kenntniss dei Osteomalacie, 
Vii chow’s Aich f path Anat , 1877, I\i\, 452 

l\Bir 2 — OsTroMATAciA Boxr 


Inoiganic Oiganic 

Dm ham 45 37 54 63 

Huppeitf 25 71 74 29 

Moeis and MuckJ 38 23 61 77 

Moers and Muckj 35 11 64 89 

Langendorff and Mommseii§ 37 8 62 2 


' Duiliam, A On Ceitain Abnoimal Conditions of the Bones Gu 3 '’s Hosp 
Bepoits, 1861, senes 3, x, 348 

tHuppeit, H Anahse eines osteomalacischen Knochens, Arch d Heilk 
1867, viii, 345 " 

t JMoei s and Muck Beiti age 7 iii Kenntniss der Osteomalacie, Deiitsch Arch 
f kiln Med , 1869 v 485 

§ Langendoiff, 0 , and Mommsen, J Beiti ige zni Kenntniss der Osteomalacie, 
Vii chow’s Aich f path Anat , 1877, Kix, 452 

To these lesults I can nou add m}^ own (Table 3), which shows the 
amounts of lime, magnesia and phosphoric acid in the bone From these 
lesults it is clear that the lelative amount of inorganic matter is decieased 
and the amount of oiganic mattei increased in osteomalacia 

12 Bostock, J AnaKsis of the Bones of the Spine in a Case of Mollifies 
Ossiiim Med Clin Ti , 1819 iv 38 
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Table 3 — PcRCEXiAor or Ixokgamc Matter ix the Drilo Boxe 

Xoi raal Osteomalacia 

Human" 48 54 28 02 

Hoi set 56 74 35 01 

McCiudden, F H The Chemical Analysis of Bone fiom a Case of Human 
Adolescent Osteomalacia Join Biol Chem 1910 vii, 190 

tMcCiudden, F H The Composition of Bone in Osteomalacia, Am Jour 
Physiol , 190G, xvii, 32 

Table 4 — Percextagl or Calcium 0\id ix the Dried Boxe 


Noinial Osteomalacia 

Moeis and Muck 17 36 

Moeis and Muck 18 07 

McCiuddenf 28 85 15 44 

McCiudden (hoise)t 33 30 19 22 


Moeis and Muck Beitiage ziii Kenntniss dei Osteomalacic, Deiitsch Arch 
f klin Med , 1869, v, 485 

tMcCiudden, F H Join Biol Chem , 1010, vii 100 

tMcCiudden, F H Am Join Physiol, 1906, wii, 32 

B Calcium The calcium in the clued bone is cleci eased to near)}' one- 
half its normal value in these cases Eiom Table 5 it -vnll be seen that 
not only the amount of calcium in the vhole bone, but also the amount 
in the ash is decieased to some extent In othei tvoids, the lelatne 
amount of the other mineral constituents of the ash is inci eased 

Table 5 — Percextagl or Calcium Omd ix the Boxe Ash 


Noimal Oateomalacia 

Zalesky" 52 64 53 06 

Langendoiff and Momrasent 53^05 44 48 

Gabiielt 51 31 

Huppeitg 45 41 

Moers and Mucky 45 47 

Moers and Mucki 50 66 


"Zalesky Med -chem Unteisuch a d Lab 7U Tubingen (Hoppe- 
Seylei’s), 1866, i, 19 

tLangendorff and Mommsen Vii chon’s Aich f path Anat 1877, l\i\, 452 
tGabiiel, S Chemische Untersuchungen ubei die Mineialstoffe dei Knochen 
und Zahne, Ztschr f phvsiol Chem , 1804, xviii, 257 
§ Huppert Arch d Heilk 1867 i in 345 
y Moers and Muck Deutsch Arch f klin Med , 1869 v 485 

Table 6 — Percextagl or Phosphorus Pextoxid tx the Dried Boxe 


Xoiinal Osteomalacia 

Moers and ]\Iuck 18 20 

Moeis and Muck' 14 38 

XIcCiuddent 10 55 12 01 

McCrudden (hoise)+ 23 44 16 28 


Moei s and Muck Deutsch Aich f klin Med 1860 485 
T McCrudden, F H Join Biol Chem 1010 mi 100 
tMcCiudden, F H Am Join Pin siol , 1006, \mi 32 

C Phosphate Tlie amount of phospliate is decieased On comparing 
Tables d and 6 it uill be seen that the decrease in phosphate was onlv 
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to about two-thirds the noimal, wlieieas the decrease lu calcmm m the 
same cases was to nearly one-half the normal In other words, the ratio 
PsOg CaO in the bones in osteomalacia is gieater than the normal latio 


Tablu 7 Percentage op Phosphorus Pentosid in the Ash 


Normal Osteomalacia 

Zalesky'‘ 38 49 39 02 

Langendorff and Mominbenf 43 93 34 76 

Gabnelt 36 65 

Huppert§ 39 26 

Moeis and Muckjf 47 67 

Moers and Muckjl 43 00 


Zalesky Med -chem Unteisuch a d Lab 7U Tubingen (HoppeSey- 
lei’s), 1866, 1, 19 

t Langendorff and Mommsen Virchow’s Arch f path Anat, 1877, Ixix, 452 
J Gabriel Ztschr f physiol Cliem , 1894, xviii, 257 
§ Huppert Arch d Heilk , 1867, viii, 345 
Moers and Muck Deutsch Arch f klin Med , 1869, v, 485 


The results here are rather variable On comparing Tables 6 and 7, 
it will be seen that although the amount of phosphate in the dried bone 
IS decreased to about two-thirds the noimal, that in the ash is nearly 
unchanged In other words, the decrease in the amount of calcium in the 
ash IS partly made up by an increase in the relative amount of pliosphate 


Table S — Percentage of SIagnesiuiu Oxid in the Dried Bone 


Noi me] Osteomalacia 

Moers and Muck’ 0 4^84 

Moers and Muck’^ 0 902 

McCruddenf 0 14 0 57 

McCrudden ( horse ) t 0 105 ^ 


* Moers and Muck Deutsch Arch f khn Med , 1869, v, 485 
T McCrudden, F H Jour Biol Chem , 1910, vn, 199 

$ McCrudden, F H Am Jour Physiol, 1906, wii, 32 

D Magnesium The amount of magnesium is incieased Tins, taken 
in connection with the other results, means that the ratio of the mag- 
nesium phosphate to that of the calcium phosphate is increased ovei the 
normal Prom this alone we would be stiongly inclined to reject the 
theory that the process in osteomalacia is one of simple halisteresis com- 
parable with the action of an acid It would be difficult to imagine how 
an acid could dissolve the calcium phosphate and leave the moie so u e 
magnesium phosphate undissolved Furthermore, if we could imagine 
such a condition, then, when the calcium was decreased in amount 
half the normal, the relative amount of magnesium would be only doubled 
But our tables show an mcrease of the magnesium of more than our 0 , 
which means that theie is an increased deposition of magnesium, 
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strongly suggests that the magnesium is used in part to supply the defi- 
ciency in calcium The ash analyses brmg this point out again Certam 
investigators have reported these results in the form of magnesium phos- 
phate Table 10 brings out the great increase in magnesium even more 
than the other tables 


Table 9 — PEHCE^-TAGE of J^Iagnesiuii Oxid in the Bone Ash 


Zalesky'' 

Gabnelt 
Huppertt 
Moers and Muck§ 
Moers and Muck§ 


Normal Osteomalacia 

0 405 0 521 
0 77 

4 46 
1267 
2 528 


* Zalesky Med -chem Untersucb a d Lab zu Tubingen, 1866, i, 19 
t Gabriel Ztscbr f pbysiol Cbem , 1894, xviii, 257 
t Huppert Arch d Heilk , 1867, vui, 345 
§ Moers and Muck Deutsch Arch f khn Med , 1869, v, 485 


Table 10 — ^Pebcentages of ^Magnesiuji Phosphate in Bone Ash 


Normal Osteomalacia 


Gorup-Besanez* 

Gegenbauerf 

Huppertt 

Chabrig§ 


104 

175 

9 6 
26 9 


* Gorup-Besanez Lehrbuch der Chemie, 1874, iii 
t Gegenbauer Anatomie des Menscben, 1883, p 98 
t Huppert Arch d Heilk , 1867, viii, 345 

§ ChabriS Les phSnomenes chimiques de I'ossification, Pans, 1895, p 65 


Table 11 — Pebcentage of Sulphub in the Dried Bone 


Normal 

McCrudden* 0 14 

McCrudden ( horse )t 0 10 

* McCrudden, H Jour Biol Chem , 1910, vii, 199 
t McCrudden, F H Am Jour Physiol , 1906, xvii, 32 


Osteomalacia 
0 55 
0 37 


E Sulphur These results are of special mterest The organic matrix 
of bone is made up largely of glycoproteins which, compared with most 
other protems, are rich in sulphur, so that we should expect in osteo- 
malacia, m which the percentage of organic matter is increased, to find 
an mcreased amount of sulphur But, if the process were a halisteresis, 
similar to that which takes place when bone is placed in acid, we should 
expect m cases hke the two which we studied, in which the calcium had 
decreased to nearly half its normal value, to find the amount of sulphur 
correspondmgly nearly doubled, whereas it has increased in both cases 
nearly fourfold This, again, as m the case of magnesium suggests that 
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there is an apposition of new tissue, in this case an apposition' of tissue 
similar to the organic matrix of normal bone 

Summary of Eesults of Bone Analyses To summarize the results of 
the bone analyses, we can say that m osteomalacia the proportion of inor- 
ganic constituents is decreased and the proportion of organic constituents 
increased The decrease in the proportion of inorganic constituents is 
due to a loss of calcium phosphate The proportion of magnesium phos- 
phate and of the organic matrix of bone is increased The increase is 
greater than can he accounted for by simple decalcification, so that we 
must assume that it is due to material newly laid down to replace the 
calcium phosphate These findings are in accord with Cohnheim’s theory, 
and lend consideiable weight to it, and cannot be explamed by the theory 
of halisteresis 


2 Metabolism Experiments in Osteomalacia 

If, as the bone analyses seem to indicate, the catabolism of calcium is 
increased and the apposition of magnesium and material rich in sulphur 
increased, we might expect examination of results of metabolism experi- 
ments in the active period of the disease to show a disturbance of the 
equilibrium in the case of these elements Moers and Muck,^® 
Schmuziger,^* Fehling,^^ Denecke^® and Schuchardt^^ made quantitative 
determinations of the calcium m the urine in osteomalacia, but, smce 
calcium IS excreted chiefly in the feces, and these investigators examined 
neithei food nor feces, their results are of little value At this point, 
also, we shall not consider the studies carried on when the patient was 
recovering, either as the result of castration or other treatment, or the case 
of one patient who was far advanced in pregnancy, or the case of one 
patient who had suffered many years and was so severely afflicted that 
castration did not afford even temporary relief A consideration of the 
stage of the disease in comparing the results of the metabolism experi- 


13 Moers and Muck Beitrage zur Kenntniss der Osteomalacic, Deutsch Arch 
f klin Med , 1869, v, 485 

14 Schmuziger, F Zur Urinuntersuchung bei puerperaler Osteomalacic, Cen- 
tralbl f d med Wissencli , 1875, xiii, 946 

15 Fehling, H Ueber Wesen und Behandlung der puerperalen Osteomalacie, 

Arch f Gynak, 1891, xxxix, 171 ' 

16 Denecke, H Ueber das Verhalten der Kalk und Phosphorsaureaus- 
scbeidung im Harn Osteomalacischer vor und nach der Castration, Inaug Diss , 

Wurzburg, 1896 , -Dv-rvo 

17 Schuchardt, L Quantitative Bestimmung von Kalk- Magnesia- und Pho - 
phorsaureausscheidung im Harn Osteomalakischer vor und nach den therape 
ischen Eingiffen Inaug Diss , Wurzburg, 1897 
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ments is an important matter, and -will be returned to later A failure to 
do tins accounts for tlie apparently contradictory results •which certain 
investigators obtained 

Table 12 — Summabt oe the Results of Complete Metabolism Expebiments 
ON Patients ■with Active Osteomalacia 


Expel imenter Duration 

Weight of 

Weight of 


of Expt 

CaO in 

CaO 



Days 

Food 

in Exci eta 

Loss 

Limbeck* 

5 

2 965 

5 604 

2 642 

Korczynskif 

4 



loss of 

Hist 

11 

8 66 

9 48 

0 82 

Hist 

7 

6 08 

7 24 

1 16 

Neumann§ 

5 

1126 

11 65 

0 39 

Hotz^ 

Goldthwait, Paintei , 

8 

10 78 

12 73 

1 95 

Osgood and McCrud- 
den** 

8 

4 56 

5 66 

1 10 

McCruddentt 

6 

3 44 

8 27 

4 83 


Limbeck, E von Zur Kenntniss des Osteomalaeie, Wien med Wcbnsclir , 
1894, xhv, 737, 743, 844 

t Korczynaki, L von Zur Kenntniss des Stoffweclisels bei Osteomalacic, Wien 
med Presse, 1902, xliii, 1073, 1131, 1117, 1228, Z-wei Stoffwecbselversuclie bei 
Osteomalacic, Centralbl f Stoffwechsel u Verdauungskr ,1902, iii, 61 

t His Zur Pliosphortlierapie bei Osteomalaeie, Deutscli Arch f klin Med , 
1902, Ixxiii, 546 

§ Neumann, S Weiterer Untersuchungen uber die Stoffwecliselverhaltnisse 
des Calciums, Magnesiums, der Phosphorsaure und des Nitrogens bei puerperaler 
Osteomalaeie, mit besonderer Berucksicht auf die durch die Castration und andere 
therapeutisclie Eingriffe verursacliten Veranderungen des Stoffwechsels, Arch f 
Gynak , 1896, li, 130 

^ Hotz, G Phosphorsaure- und Kalkstoffwechsel bei Osteomalaeie unter dem 
Einfluss der Phosphortherapie, Ztschr f exper Path und Therap , 1906, iii, 605 
** Goldthwait, Painter, Osgood and McCrudden Am Jour Physiol , 1905, 
XIV, 211 

■ji* McCrudden, E H Am Jour Physiol, 1906, xvii, 211 

A Metabolism of Calcium It will be seen from Table 12 that there is 
always a loss of calcium by the body, a result which is in accord with the 
low calcium content of the bones in this disease 

B Metabolism of Phosphorus Studies of the phosphorus metabolism 
have given variable results Later, after we have considered the calcium 
metabolism in different stages of the disease, the reason foi the variable 
results will be clear 

Table 13 — ^Magnesium Oxid in the Food and Excreta 

Duration Eeten- 

Investigator Days Food Excreta tion 

Goldthwaite, Painter, Osgood and 

McCrudden* 8 2 207 2 015 0 192 

*Am Jour Physiol , 1905, xiv, 211 
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C Metabolism of Magnesium Corresponding -with tlie mcreased con- 
tent of magnesium in the bone in osteomalacia, we find (Table 13) that 
the body is retaining magnesium 

Table 14 — Sulphuk in the Food and Excreta 
Duration 

Investigator Daj^s Food Evcieta 

Goldthwaite, Painter, Osgood and 

McCrudden* 8 7 15 2 68 

*Am Jour Physiol , 1905, xiv, 211 

D Metabolism of Sulphur Here, again (Table 14), as in the case 
of magnesium, we find a letention corresponding with an increased 
amount of the element in the bone 

E Metabolism of Hitrogen In our experiments and in those of von 
Korczynski, there was always retention of nitrogen 

Summary of the Eesults of Metabolism Experiments To summarize 
briefly the results of the metabolism experiments, we And that the body 
IS losing calcium and retaining magnesium and sulphur These results 
are in accord with those obtained by bone analyses and confirm the suppo- 
sition that in osteomalacia the process is not one of simple passive halis- 
teresis, but an active one of increased bone metabolism Old bone is 
destroyed and new bone laid down But the new bone is similar to the 
organic matrix of normal bone and is free from, or poor in, calcium phos- 
phate, instead of which there is a partial replacement of the calcium phos- 
jihate by magnesium phosphate 

3 The Results of Pathological Investigations 

The question next to be answered is whether or not histological inves- 
tigations oSei anything in support of our chemical investigations If we 
examine rachitic bones, we find osteoid tissue at the junction of epiphyses 
and diaphyses, as well as beneath the periosteum, that is, the organic 
matrix of bone without the lime salts If we examme the bone in osteo- 
malacia, we find similar osteoid tissue, but not, as in rickets, beneath the 
periosteum and at the boundaries of epiphyses and diaphyses, but in the 
interior of the bone in proximity to the Haversian canals Yet, in the 
former case, this osteoid tissue is considered new lime-free bone, and, in 
the latter case, old decalcified bone There was no good reason for this 
assumption, except that the bone when once laid down was supposed to be 
dead tissue not undergoing metabolism — a pomt which will be discussed 
later I have already referied to Cohnheim’s opinion that the process 

18 This matter of the substitution of magnesium phosphate for calcium phos- 
phate will he further discussed later 


Eeten- 

tion 

4 47 
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m osteomalacia is not one oi iiahsieiesis, but is cs'^cntialh the seme as 
that in rickets. The statement that Cohnheini makes'" is that whcne\er 
bone disappeais Hon ship's lacunre aie at once foimed and filled nith 
osteoclastic giant cells that take up oiganic ground substance as ncli as the 
mineial constituents, and tliat the osteogenic zones must ha\e oiigmnted 
by apposition He admits that the minuiiai of the piocc=5s aie coinpletel) 
unlmonm, but states that at no stage does an osteoid tis'^uc free fiom lime 
occur Cohnheim could not adduce good eMdcnce in fa\or of 111*= opinion 
Geitam micioscopical observations conccining bone changes ha\e since 
been made, lionet er, nhich have an added inteiect in mow of the chemical 
findings 

The impoitant finding m these histological investigation'; \sns an abun- 
dance of osteoblasts in the osteoid zones of the bones in osteomalacia Von 
Becklinghausen"" especiall} made a leiv iiitcie'^ting and e\hau‘'liNe leport 
on the lustolog} of osteomalacia and ccitain othei siimlar coiiditionc Ho 
called attention to the abundance of osteoblasts and Shai pay's fiber';, and 
to the '^youthful appeal ance,*' as he calls it, of mani of the bone cor- 
puscles as evidence that the osteoid tissue is neii tisbuo He refei- also 
to the fact that patients uith osteomalacia often start a good callus forma- 
tion It may not be amiss heie to lefei to Ins statement legauling the 
similarity of the histological appeal ance in osteitis defoimans and o';tf‘n- 
malacia In fact, he regards osteitis defoiman'; as a local osteomalacia 
As a result of mcieased metabolism at one place, the bone at this place 
remains uncalcified foi a time, m consequence of -which the chnractciistic 
bendmg occurs The results of one expeiiineni ivliich ue pcifoinied on a 
patient with osteitis defoimans aie m accord with this view Tachiio,-^ 
too, has obseived the abundance of osteoblasts in the osteoid tissue in osteo- 
malacia, and notes the fact that this osteoid tissue is contiguous to and 
continuous with young piolifeiating endosteum, and that the new foima- 
tion of osteoid tissue is paiallel with the disappeaiancc of old bone He, 
too, confiims the observations of von Eeckhngliausen regaiding the sim- 
ilarity in the piocess of osteitis deformans and osteomalacia Hanau’s 
discovery,'" which will be rcfeiied to again, that, in many cases of pieg- 

19 Cohnheim, J Lectures on Geneinl Pathologj'’, Trnnsl by A McKee 1889 

1, 632 j , , 

20 Recklinghausen, P von Die fibrose oder deformirende Ostitis, die Osteoma- 
lacic und die osteoplastiscbe Carcinose in ihren gegeneeitigen Bc/io]mngen, Fest- 
schr Rudolph Viichow ?u seinem 71 Gebuitstage gcwidmet, Beihn, ISof 

21 Goldthwait, Painter and Osgood Am Med , 1904, vii, 547, 590 

22 Tachiro, Y Histologische Untersuclmngen an osteomalacisclien Knochen, 
Beitr z path Anat u z allg Path , 1903, xwiv, 220 

23 Hanau, A Ueber Knochenvenlnderungen in der Scliwangcrschaft und 
uber die Bedeutung des puerperalen Osteophyts, Foitschi d Mod , 1892, \, 237 
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nant women with apparently sound bones during life, post-mortem exam- 
ination showed an appearance similar to osteomalacia, especially in the 
bones of the pelvis, is in accord with the view that the osteoid tissue is new 
tissue, for he too found osteophjtes in this tissue The histological inves- 
tigations, then, are in accord with the chemical in indicating that the 
process in osteomalacia consists in a replacement, by new calcium-free or 
calcium-poor bone, of normal bone that has undergone catabolism 

My conclusions regarding the process in osteomalacia may in part 
explain the controversy regarding infantile osteomalacia Eehn,-^ espe- 
cially, has reported certain cases which he differentiated from rickets and 
called infantile osteomalacia In this diagnosis he was confirmed by von 
Eecklinghausen But Ziegler-® disputed this diagnosis and called the cases 
rickets It may well be that in a severe enough case of rickets not only 
may the body fail to supply lime salts to parts of the bone which should 
calcify, but may also destroy bone which has already become calcified and 
lay down new osteoid tissue instead 

^ Metaholism m Noimal Bones 

All the evidence concerning osteomalacia so far considered points 
toward the conclusion that in this disease the catabolism of bone is 
increased, and that the body fails to respond with an apposition of normal 
bone It IS worth while at tins point to consider what other evidence 
there is that the mineral constituents of the bone are capable of undergo- 
ing metabolism In the first place, it may be stated that the view that the 
mineral constituents of the body are dead and not a pait of the living 
body and undergoing metabolism, is a remnant of the old view that there 
IS a sharp distinction between the living or organic elements or compounds 
and the inorganic, a view long since disappeared We do not have any 
difficulty in understanding that the small amounts of calcium, magnesium 
and iron in the blood or muscles aie used up and have to be renewed — in 
other words, undergo metabolism , and it is difficult to imderstand why the 
pathologists who took Vii chow’s view could find difficulty in believing 
that the mineral salts of the bone undergo metabolism If the muscle 
cells, with their fraction of 1 per cent of mineral salts undeigo metabol- 
ism, then why not also the bone cells with their 50 or 60 per cent mineial 
salts P We have no difficulty in understanding that the material of the 
blood plasma or the connective tissue or neuroglia fibrils must be renewed 

24 Eehn Em Fall von mfantiler Osteomalacie, Jahib f Kinderh , 1878, new 
senes, xii, 100, Ueber Osteomalacie im Kmderalter, Jabrb f Kinder heilkimde, 

1883, new senes, xiv, 170 -nj r ison 

25 Ziegler Lebrbucli der speciellen patbologisclien Anatomic, Ed G, 1»JU, 

Jena, p 123 
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Why should theie be au-^ difficulty m uiideislaudiiig thai the quite aualo- 
gous bone should be leneued^ A pnon, then ue should sai that bone 
normall}’’ undergoes metabolism But tlicie is moie direct CMclcncc of 
both bone anabolism and bone catabolism 

Wlien a fracture occursj we have ciidence of neu bone foimation in 
the formation and subsequent calcification of the callus, and in stni ration 
we haie eiidence of bone destruction Tims it uas shoun that the pio- 
fessional fasteis, Cetti and Bieithaupt, aftei a reck to ten da^s of «tnna- 
tiom uere excieting nearly as much calcium pei dav as in the begin- 
ning"® The amount of flesh cataboliycd could be calculated from the 
amount of nitrogen excreted and, the amount of calcium in flcfli being 
known, it could be shonn that the amount lo^^t nas much moie than 
could be accounted foi unless it nas a‘=sunicd that the calciiini in the 
bones was undergoing catabolism This i« likewise ti no of Wunlc’s experi- 
ment on dogs"" Foistci-® fed a dog a diet pooi in calcium foi twcnti- 
six da}s In that time, the dog lost 13 j7 gm calcium o\ci and abo\c 
that taken m the food B^ anahsis of the difleient oigans. Forstei 
shoved that this must haic come ehicfli fiom the bones Besides the 
metabolism expeiiments, ve ha\c direct ana^scs of the bones choving 
that the mineral constituents aie used up dining stan.it ion A'oitV'’ 
experiments vhicli vere the first to show that the boncv lose weight 
duiing stanation, can not be used as e\idcncc because ho did not sltow 
that the mineral constituents decrease WciskeV” negatne icsults in the 
ease of staiving dogs aie likewise not coiiclusnc on account of the slioit- 
ness of the expeiiments (scion to eleven dais) Sedlmaii s expeiiineiils 
are inteiesting and conclusii c This authoi staiied cals foi a month 
or more, analyzed the excreta, and, at the end of the peiiod, anali/cd 
the bones of the cat and compaied the icsults with those of normal cats 

' 2G Lehman, C, Muellei, F, IMunk, I, Senatoi K. anil Zunt/, K Untoi‘'Uch- 
ungen an zwei hungernden Mem-chen, Vnehow’s Arch f path Anal, 1S'13, c\\\i, 
(Supplementheft) 

27 Munk, I Beitnige zur SlofTw echsel- nnd Ernillmingslehien, Aich f d 
ges Physiol (Pllugei’s), 1894, Iviii, 309 

28 Forster Uohei die Verainuing dcs Koipeis, speciell doi Knochen an Kalk 
hei imgenugender Kalk/ufuhi, Ztschr f Biol, 1870, \n, 4G4 

29 Voit, C XJeber die Versclncdenheit dei Enicisszersclzung beim Ilunger, 
Ztschr f Biol , 18GG, ii, 307 

30 Weiske, II • Ueber den EinfliisB dci Nahrungsentziehnng aiif das Gewicht 
and die Zusammensetzung dei Oigane iiisbcsondeic dci Iviiochen and Znhnc, 
Ztschr f physiol Cliem , 189G-7, xxii, 485 

31 Sedlmair, A Uebei die Abnahme dei Oigane, insbesoiideie, dci Knochm. 
beim Hunger, Ztschr f Biol , 1899, xxxvii, 25 
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The amount of calcium e:xcieted which came from bone was equivalent 
to 1 per cent per day of the total bone of the cat, a confirmation of the 
results of Munk and Forster But Sedlmair showed in addition by bone 
analyses that there was a loss of from 4 6 to 13 8 per cent of the ash and 
from 2 5 to 11 6 per cent of the calcium oxid of the bones In one cat 
there was a loss of 13 8 per cent ash, 11 6 per cent calcium oxid, and 12 8 
per cent ossein — results which are close enough to suggest that the or- 
ganic and inorganic materials of the cell were destroyed together Studies 
of the calcium metabolism, then, indicate that the bone is constantly 
undergoing metabolism ^ 

Studies of the phosphate metabolism lead to the same conclusion as 
studies of the calcium metabolism It is commonly stated that the 
excretion of nitrogen and phosphorus are nearly paiallel, that the ratio 
IST P in the excreta is almost constant and, on the average, is about the 
ratio in which these elements occur in flesh, so that theoretically the phos- 
phorus excretion might be roughly used as a measure of protem metab- 
olism This belief is probably based on the statement of Zuelzer, who 
came to such conclusions as a result of his work His own tables on 
which he bases his conclusions do not show such constancy but, on the 
contrary, show great variation in the ratio More recent experiments®® 
show that the phosphorus and the nitrogen excretion vary quite inde- 
pendently even on a constant diet,®^ and the amount of phosphorus meta- 
bolized may be much greater than could come from the flesh metabolized 
Determinations of the ratio of nitrogen to phosphorus in diffeient tis- 
sues have been made,®®’ ®® so that from the amount of nitrogen ex- 
creted in starvation we can tell the maximum amount of phosphorus cor- 
responding if neither bone nor nervous tissue were destroyed This has 
been done,®®- ®® and there was always a great excess of phosphorus that 
must have come chiefly from the bones since it has been shown that the 
dr}’- brain and cord, the other phosphorus-rich tissues, do not lose weight 

32 Zuelzer, W Ueber das Verhaltniss der Pbosphorsaure zum Stickstolf im 
Unn, Virchow’s Arch f path Auat , 1876, pp 66, 223, 282 

33 Buchmann, L Beitrage zum Phosphorstoffwechsel, Ztschr f diatet u 
physik Therap , 1904-5, viii, 66 

34 Kellar, A Phosphor und Stickstoff im Sauglingsorganismus, Arch f 
Klinderh , 1900, -sjcix, 1 

36 Cronheim, W , aud Muller, E Versuche uber den Stoff- und Kraftwechsel 
des Saughngs mit besonderer Berucksichtigung des organisch gebundenen Phos 
phorse, Ztschr f diatet u physik Therap , 1902, vi, 25, 92 

37 Munk, I Beitrage zur Stoffwechsel- und Ernahrungslehre, Arch f d ges 
Physiol (Pfluger’s), 1894, Iviii, 309 



FRA'NGIS n M CRUDDER 


G13 


m staivation Calculation from the data of oldei lesult'^, for example, 
those of Forster/® show the same lesult "We can saj' then that the bones, 
mcluding the mineral constituents, are undergoing metabolism con- 
stantly 

Stun7naii/ Concci mng ihc Pioccss m Osteomalacia 

To sum up oui conclusions concerning tlie pioccss in osteomalacia, 
we may sa}' that expeiiineiit has shoun that the bones are noimally 
undeigomg metabolism — aie being built up and dc'^ho^ed like other 
tissue This IS so in infants and as the uncalcihcd pails of the bone 
are graduall} destioied the iieu bone laid down to leplacc them is iicher 
m lime salts If this is not the ca‘5e, and tlie iieu lione uliich c]iould 
contain salts is fice fiom these coii‘=titiients, soft hmc-ficc bone is 
formed, and this giaduall} bends uith the ucight of the bod} and the 
child becomes iicket} In children the apposition of lime salts must be 
more lapid than the destiuction Metabolism is likewi'^e going on in 
later life, and if the apposition of lime-containing bone does noi keep 
pace with the destruction, the bones become pooici in lime salts, and, 
when this condition is exticine the bones bend, ns m iickets. giving the 
picture of osteomalacia oi, if the piocc'-s is local, o=5tciti« deformans 
ilew bone is laid down but it i« pooi in calcium phosphate and richci in 
orgamc mattci and magnesium pho^pllate In old age. when the 
anabolic piocesses aie letaidcd, a condition of incica^-ed metabolism of 
bone may not be followed br incieaccd apposition of e\cn lime-fice bone 
and we may have the condition of ostcopoiosis known as senile o'^teo- 
malacia The ditSculty which the aged hare in Mippl-^ing cien limc-fiee 
bone is evident from the difilcult} often seen in the pioduction of a 
callus after a fracture The liistological appeal aiice of the bone is of 
course different in these diffeieiit conditions, but it is piobablc that so 
fai as the bone itself is concerned the metabolic pioce=;';cs aie similar. 
So far I have not lefeiied to the cau^e of the distuibed bone metabolism 
but have meiely described the pioce^s taking place I ‘^hall next con- 
sider the cause of the disturbed bone metabolism in the case of osteo- 
malacia 


III THE ETIOLOGY OF OSTEOMAL VCIA 

Osteomalacia has been attributed to bad hygienic conditions sucli as 
damp dwellings, lack of clothing, bad food, repeated pregnancies, pro- 
tracted lactation, hard w^oik, and caie It has been attributed to a 

38 Poreter, J Versuclie uber die IBedeutung dei Ascbcnbcstnndtbeile in der 
Nahrung, Ztscln f Biol , 1873, iv, 297 



614 


BOIfE METABOLISM AED OSTEOMALACIA 


nitrifying ferment Hoennicke^® thinks that it is a disease of the thy- 
roid gland, and Bossi^^ that it is a disease of the suprarenal capsules 
The hypotheses most widely accepted, however, have been that the actual 
process is due to the action of an acid, commonly believed to be lactic 
acid, and that the condition is a disease of the ovaries Let us first con- 
sider the acid theory 

1 The Action of an Acid in Causing Osteomalacia 

The hypothesis that osteomalacia is due to the action of an acid on 
the bones is based on the theory that in osteomalacia the process is one 
of lialisteresis whereby the mineral constituents aie dissolved and the 
organic matrix of the bone left behind And this hypothesis falls with 
the fall of the halisteresis theory’’ Furthermore, recent investigations, 
which it will be unnecessary to go into in detail, have shown that the blood 
and tissue fluids do not become acid, that in the proportions of disodium 
hydrogen phosphate, monosodium h3fdrogen phosphate, sodium acid car- 
bonate, and carbonic acid we have a delicate mechanism for preserving 
the neutral reaction of the blood and tissue fluids within very narrow 
limits But, as the halisteresis theoiy had an apparent confirmation in 
the finding of lactic acid in the urine in osteomalacia, we must examine 
the evidence bearing on this point Schmidt^- states that he found 
lactic acid in the bones in osteomalacia, and Moers and Muck,^® and 
Langendorflc and Mommsen^® state that they found this acid in the urine 
in cases of osteomalacia These investigators boiled the ethereal extract 
of the urine with zinc oxid and, observing rhombic crystals in the dried 
residue, called them zinc lactate A number of aiomatic acids may go 
into solution in the etheieal extract whose zinc salts may be confounded 
with zinc lactate — ^liippuric acid, for example In fact, by the same 
method, LangendorS and Mommsen found lactic acid in normal urine 
neither Schmuzigei'*^ nor Heuss^® were able to find any lactic acid in 

39 Petrone Osteomalakie, Centralbl f Gynak 1893, xvii, 392 

40 Hoenmcke, E Zur Theone der Osteomalacie, zugleicli zur Lelire von den 
Krankheiten der Schilddruse, Berl kim Wchnsckr , 1904, xli, 1154, Ein Kanin- 
cken mit experimenteller puerperaler Osteomalacie, Deutsck med Wchnsckr , 
1906, xxxii, 167 

41 Bossi, L Nehennieren und Osteomalacie, Centralbl f Gynak , 1907, xxxi, 
69, 172 

42 Schmidt, C Knocheneiweichung duich Milchsaurebildung, Ann d Oliem 
u Pharm (Liebig’s), 1847, Ixi, 329 

43 Langendorff and Mommsen Virchow’s Arch f path Anat , 1867, Kix, 45 

44 Schmuziger, F Zur Untersuclmng bei puerperaler Osteomalacie, Centralbl 
f d med Wissensch , 1875, xiii, 946 

45 Heuss, E Ueber das Vorkommen von Milchsaure im menschlichen name, 
Diss Leipsic, 1889 
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the urine in then cases, and in onr case ue looked foi tins substance in 
vain Tlieie is, then, no good evidence that lactic acid occurs m tlic mine 
in osteomalacia 

Lactic acid has been fed to animals in the atlcmpt to pioduce osteo- 
malacia artificially Thus Siedamgrotekv and Hofmeister’'” fed this 
substance in large amounts to goats and state that, as a lesult, the bones 
became pooier in lime salts But Ueiss ivho fed fiom 2 to S gm. of 
lactic acid a da-^ to dogs foi neaily a -seai ua^; unable to find that it had 
am effect ivhatevei on the macroscopic oi micioscopic appeal ance oi the 
chemical composition of the bones It ic not unlikeh that, if thcie ueie 
any change in the bones in the c\pciiment of Siedaiiigiot'^ki and Ilof- 
meistei, the most probable explanation is that it uas due to digestne 
disturbances following the laige amounts of lactic and fed, for thei 
obtained no such lesults after hy di ochloi ic acid oi sulphuiic acid So 
these experiments shou negatuc results Indeed, it takes concent] nted 
lactic acid to decalcifi bone in iifio, and it wa'^ ‘^uch acid that Moors 
and Muck^® and Ileniiiii"*'' u^ed to show that lactic acid Mill decalcifi 
bone Yet no one can suppose that conccntiated lactic acid appeals in 
the tissues Accoidiiig to \on Mosctig-Mooihof^'* c\en fniih conccn- 
tiated lactic acid does not decakif} bone lleic again the lO’^iilts nie 
negatn e 

The aciditi of the blood has been delei mined b> titiation to find if 
theie Mas deciea'^ed alkaliniti in lhi« dHea‘-e Ben/i '''' ion .Taksch,”’^ 
Issmei,'- Tru7/a,'^^ and Ei«cnhaidt,'^ found dcciea^-ed alkaliniti But 

4G Siedamgrot‘?kj ami ITofincistcr Die l^imMikiuig midaiiormtcr ililclisnuro- 
verabreiclmng auf die Kiioclicn dor I*naii/eiifrc‘>scr, Arch f 'Duorhcilk , 1870, 
V, 243 

47 Heiss, E Kann man durch Linfahriin" \on Milch'^.lurc in don Darm oincs 
TIneres dem Knochen anorgamschc Bestandthcile cnl/iehon’ Ztschr f Biol , 187G, 
xn, 151 

48 Henning, C Die lioheion Giadc der wcibhchcn Ostconialncic, Arch f 
Gj nak , 1873, v, 404 

49 Von ^losotig !Moorliof !Milch';anie als Zelslorullg^nllltol palhogenoi 
Gewebe, Cenlralbl f Chir , 1885 mi, 193 

50 Renzi, E de Chemische Boactioii dcs Blntos, Vii chow's Arch f pnlji Anat 

1885, cn, 218 ’ 

51 Jaksch, B von Ueber die Alkaloccon/ des Blutcs boi Kianklioitcn, Ztschi 
f khn Xled , 1887, xiii, 350 

52 Issmer, E Uebor die Zcildauei der Mcnschlichon Scliwangeischaft, Arch, 
f Gynak , 1889, \\\v, 310 

53 Truzzi Weitores liber die niodcine chmngische Behnndlung dei Osteonial- 
akie und uber das Weseu dicsei Erki.anknng, Conti albl f Gyinlk , 1892, \m, 574, 
Ancora sui iisultati della moderna teiapia chmngiea in cast di osteomalacia e 
suir indole di tale affezione moibosa, Ann di ostet, 1891, xiii, 001 

54 Eisenhart, II Bcitiage /ur Aetiologie doi pucipalon Ostoomalacie 

Deutscb Arch f klin liled , 1892, xliv, 150 ’ 
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Truzzi found that this apparent decreased alkalinity persisted even after 
his patient was cured Fehling/® and von Limbeck®® found no decreased 
alkalinit}’-, and Senator®^ found the alkalinity inci eased It may be 
remarked that even a decrease in the alkalinity of the blood or tissue 
fluids would not make them a better solvent for calcium phosphate The 
actual piesenee of free acid is necessary and formation of acid in the 
tissues would not be shown by blood analysis, for such an acid would 
be immediately neutralized, just as the carbonic, sulphuric, and other 
acids constantly forming are continuously being neutralized And 
furthermoie, we know now that we cannot determine the alkalinity of 
the blood by titration methods Beck®® has made determinations of the 
nitrogen distribution in the urine in osteomalacia and, from his low 
figures for the amount of ammonia, we must conclude that there is no 
evidence of acidosis in osteomalacia Furthermore, in conditions of 
acidosis, for example in seveie diabetic coma, there is no evidence of 
osteomalacia From beginning to end, the evidence in regard to the 
theory that the process in osteomalacia is due to the action of an acid is 
uniformly negative 

2 The Relation of the Ovanes to Osteomalacia The Etiology of Puen 

peral Osteomalacia 

A consideration of the relation of the ovaiies to osteomalacia brmgs 
up the whole question of the effect of the ovaries on the metabolism, the 
internal secretion of the ovaries and the effect of castration A study of 
the Imown data concerning this subject shows that very little accurate 
scientific work has been done The statements concerning the mattei are 
mostly based on data that has to be excluded when critically examined, 
so that I felt obliged to take up the subject experimentally The results 
of that work, with the literature on the whole subject of castration, have 
just been published,®® so that it will be necessary to give heie only the 
chief conclusions together with a discussion of the bearing on osteo- 
malacia 

55 Fehlmg, H Ueber Wesen und Behandlung der puerperalen Osteomalacie, 
Arch f Gynak , 1S91, vxxix 171 

56 Limbeck, R von Zur Kenntniss der Osteomalacic, Wien med Wchnschr , 
1894, vliv, 737, 793, 844 

57 Senator, H Zur Kenntniss der Osteomalacic und der Organtherapie, Ber- 
lin klin Wchnschr , 1897, xxxiv, 109 

58 Beck, M Ueber die gegenseitige Verhaltnisse der stickstoffhaltigen bub- 
otanzen im Harne bei Osteomalacic, Brag med Wchnschr , 1894, xix, 533 

59 McCrudden, F H The Effect of Castration on the Metabolism, Jour Biol 
Chem , 1910, vii, 189 
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Let us considei fiist ulij' osteomalacia has been belieied to be a 
disease o£ the ovaiies At Poiro's suggestion, Pochier of L 3 on^° and 
Levy of Copenhagen/^ among otheis, had earned out siipi a\ aginal ampu- 
tation of the pregnant uteius and ovaries as a complement to Cesaican 
section in ceitain cases of osteomalacia and noted that the opeiation had 
a good therapeutic etfect on the disease z\.s a lesiilt, Fochiei pioposed 
that this operation be tiled m othei cases of osteomalacia Noting these 
results, and believing that the good effect might be due to the removal 
of the ovaries, Fehling®- perfoimed o^allotom} on a numbei of patients 
\nth osteomalacia and the opeiation vas followed b^ good theiapeutic 
lesults He then expiesscd the opinion that osteomalacia was due to 
pathologically incieased actnii} of the oiaiics leading to stimulation of 
the vasodilatois oi paiahsis of the lacocou'^tiictors. followed b\ con- 
gestion and h}peiemia of the boiic^ and solution of the lime snlt= In 
the light of results conccining the piocess in o'^ieomalacia, I am inclined 
to suggest at once that theie is no leason to believe that Inpeicmia of 
the bones would lead to increased catabolKin of calcium latlier than an 
mcreased anabolism In other woid«, an inci cased blood-supply would 
lead only to increased metabolism as a whole, and there would bo no loss 
of calcium We need not concein oui-eLes. howexci with the question 
of these details but onh with the larger question as to wliethei oi not 
osteomalacia is a disease of the o\aiics From the wiitings of tla^elers 
and as a lesult of baiinaid and cattlc-bi ceding evpeiiencc, the sexual 
glands have long been supposed to liave some conti ol of the inetaboli':m, 
especially o^el growdh, and o-vei the giowth of the bones in paitic- 
ular®^ Since Fehling fust suggested castiation ns a tliciajieuiic nicasiiie 
in cases of osteomalacia othei s ha^e repoited good lesiilts following this 
operation and the belief that osteomalacia is a disease of the o\aiics has 
become quite geneial 

Let us consider hist tlie efleci of caetiation on tlic metabolism of 
normal individuals This mattei is discu'5=ed in detail in mi papei 
already leferied to, and the conclu'^ion I was obliged to come to was that 
a careful study of veiy abundant clinical data m the case of human 
beings shows that castiation has no effect on the geneial metabolism I 

01 Levy Kaiserschnitt nacli Pono, Copenhagen, 1880 Quoted fiom Dcsid- 
erms von Velitis Ueber die Heilung dci Osteomalacic Im Anschluss an /wei 
duich Castration gehcilten Falle, Ztschr f Gchmtsh u Gynilk , 1802, wui, 323 

62 Fehling, 11 Ucher Wesen und Behandlung dcr puerpalen Osteonialncio, 
Arch f Gynak, 1891, \v\iv, 171, Weitcre Beitragc ^ur Lohre xon doi Ostooinal- 
akie. Arch f Gynak, 1895, \1mu, 472, Ueber Osteomalacic, Ztschr f Gehurtsh 
w Gynak , 1894, xxxi, 471 

63 This wdiole matter is discussed in detail in my papoi alieady lefeued to 
(Joui Biol Chem, 1010, vii. No 3) 
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castratGd several adult Iniale and female dogs and made complete 
metabolism studies of the nitrogen, sulphur, calcium, magnesia and phos- 
phorus for long periods, and was obliged to conclude that castration has 
no effect on the metaholism of adult animals Less complete metabolism 
experiments on puppies have given likewise negative results Compara- 
tive studies of tile total amount of phosphate in normal and castrated 
animals have given negative results 

Comparative studies of the fat metabolism, of the storage of 
fat, and of the amount of oxj^gen used in cases of normal and castrated 
animals give similarly negative results The feeding of ovaries and 
ovarian extracts have likewise led to negative results Practically the 
only experimenters who find that castration has any effect on the metab- 
olism are those whose experiments have been incomplete — who have 
studied the urine only The experience of farmers, who find that by 
castrating male chickens they get a fatter bird, must be explained by the 
less active life of the capon compaied with that of the active, aggressive 
cock Excluding the results obtained in osteomalacia for the present, we 
see that experiments concerning the relation of the ovaries to the metab- 
olism have given negative lesults So far as I am able to find, castration 
has no effect on the metabolism Let us next examine the results 
obtained by castration in osteomalacia 

It was a consideration of the results of my own experiments con- 
cerning the effect of castration on the metabolism that led to my 
conclusions concerning the etiology of the disease If we take up these 
results first the results of other investigators will be clearer In my 
first experiment I found, as already stated, a loss of calcium and phos- 
phorus and a retention of magnesium, sulphui and nitrogen After the 
first experiment the ovaries of the patient were removed and, a few 
months later, a second metabolism expeiiment of fourteen days’ duration 
was carried out The condition of the patient improved as a result of 
the operation Even union of a fractured bone took place The second 
metabolism experiment showed retention of calcium as though the 
process had become cured Table 15 shows the results®® of the calcium 
metabolism 

64 Goldthwait, Painter, Osgood and McCrudden Am Jour Physiol, 1905, 

XIV, 211 

65 Such a change for the better in the calcium metabolism in patients who 
were recovering was observed in a case studied by S Neumann (Weitere Unter- 
suchungen uber die Stoffwechselverhaltnisse des Calciums, Magnesiums, der Phos- 
phorsaure und des Nitrogens bei puerperaler Osteomalacie, mit besonderer Euck- 
sicht auf die durch Castration und andere therapeutische Eingriffe verursachten 
Veranderungen des Stofilwechsels, Arch f Gynak, 1896, li, 130, also Quantitative 
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In urine 

In feces 

Total excreted 
_ In food 

Eetention 

The results so fai appealed to coutiiiii the opinion that osteomalacia 

15 a disease of the o\aries I then uaited foi o^el a }cai' and then, on 
hunting up the patient to make a thud metabolism experiment, found 
that her condition uas uoise than c\er About this time she had tuo 
slight fractuies Anothei metabolism expciiment of six da 3 S was cained 
out and it was found that calcium uas bcmg rapidlv lost again - Table 

16 shows the calcium balance Castiation did not cure the patient 
There was apparent!} a tempoiar} cine aftci the opeiation and then the 
pathological piocess started afresh latei Yet. if osteomalacia is due to a 
condition of o\eiact.iMty of the o\aiies, the conclusion ‘teemed incMtablc 
that the patient without o^arles could not ha\e osteomalacia, and espe- 
cially could not have such a process stait aficsh once it was stopped 
This result led me to look up caiefull} the elTcct of ca<5tiation in otliei 
cases of osteomalacia to sec if the opeiation alwa^s lesiilted in a pei- 
•manent cuie 


3 40 

1 so 


7 20 


10 03 


2 83 


Tabic 1G — Calcilm B^LA^•cc 


In urine 1 5S 

In feces C GO 

Total excreted 8 27 

In food 3 44 

Loss 4 S3 


An examination of the clinical icsults of castiation in osteomalacia 
naturally began tvitli an examination of the cases of Fehlmg By 1895 
Beliling had reported fouiteen cases of osteomalacia tieated by castra- 
tion®® Of the patients but six weie well thiee years aftei the opeiation 
Two w^ere not cured, and one of these, as m my own case, showed a 
temporary improvement and then became wmise The otheis either died 

Bestimmung des Calciums, Magnesiums, und dei Phosphorsilure im Harn und Koth 
bei Osteomalacic, Arch f Gynuk , 1894, xlvii, 202) , and hy G Hoty (Phosphor- 
saure und Kalkstoffwechsel bei Osteomalacic unter Einfluss der Phosphortheiapie, 
Ztscbr f exper Path u Therap , 190G, iii, G05) 

66 Pehling, H Weitere Beitrage zur Lehre von der Osteomalacic, Aich f 
Gyntlk , 1895, xlviii, 472 
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or were lost track of Von WmekeP^ leported tlnee cases, of winch one 
was improved after castration AVheaton®® tried castration m one case 
without benefit Polgar®® tried the operation in six cases A cure fol- 
lowed in but two Latyko^° castrated one patient, but without effect 
In one out of two cases Neumann®® failed to help by castration Truzzff^ 
reported 97 cases of osteomalacia tieated by castration, 16 9 per cent 
of the patients were not cured These results have not been especially 
selected to show that castiation is not always followed by cuie, but include 
most of the results repoited in the literature Yet a veiy large percentage 
of patients were not cured by the opeiation Furthermore, most of them 
were not followed for any length of time so that the peicentage of cures 
IS probably much less even than the figures indicate, for, m the cases 
that were followed, mine and Fehlmg’s, some of the apparent cures were 
found to be only temporary If osteomalacia is due to overactivity of 
the ovaries, it is difficult to understand how a patient without ovaries 
can have osteomalacia It might be suggested that perhaps the process, 
once started by overactivity of the ovaries, keeps on for some reason even 
after these organs are removed, but opposed to this view we have the cases 
of patients who were temporarily cured by castration and in whom the 
process started again later I shall return later to the causes of the good 
effect of castiation in osteomalacia, but the point to be made here is that 
in a large percentage of cases, castration does not cure osteomalacia This 
finding leaves us with no evidence in favor of the hypothesis that osteo- 
malacia IS a disease of the ovaries 

As opposed to the view that osteomalacia is a disease of the ovaries, 
we have besides the negative results of castration on many cases of the 
disease, the negative findings in lustological examination of the ovaries 
m these eases A number of such ovaries have been investigated Bulius'^® 
made a careful study of six cases and found no change He was obliged 
to critize an earlier paper of his own, in which he found a certain amount 
of hyperemia and hyalin degeneration of the arterial walls In this 
connection, we think, too, of the cases of osteomalacia in young women 
before the ovaries have begun to function and especially of the cases 

67 Winckel, F von Ueber die Erfolge der Castration bei ber Osteomalakie, 
Samml klin Vortr (Volkmann’s), new senes. No 71 

68 Wheaton, C Osteomalacia, Northwest Lancet, 1891, xi, 389 

69 Polgar, E Die Heilung der Osteomalacie mittelst Castration, Arch f 
Gynak , 1895, xlix, 30 

70 Latyko, W Ueber Osteomalacic, Allg Wien med Ztg , 1893, xxxviii, 
393, 403 

72 Truzzi Ann di ostet, 1894, cited by Fehling, Arch f Gynak, xlviii, 472 

73 Bulius, G Osteomalacic und Eierstock, Beitr z Geburtsh u Gynak , 1898, 

1, 138 
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of osteomalacia in men Sucli cases nre mie, but they do occur and 
autopsy has confirmed the diagnosis m some cases If, then, osteomalacia 
IS not a disease of the ovaries, v'hat is the cause, and how do we explain 
the good effects of castration ? 

If we bear in mind the facts already pointed out, that the bones aie 
constantly undergoing metabolism, we see one direction in which to look 
for the cause of osteomalacia Wlien the necessity of the organic food ma- 
terial IS increased without a corresponding increase in the supply, or when 
the supply is decreased, as in stai ration, the glycogen and fat stoied m 
various parts of the body are gradually transfeired to parts of the body 
where needed and there u=ed up If now, in some v a"^ , tlic need for lime 
salts IS suddenly greatly incieased, the catabolism oC bonj tissue must be 
increased And since, except in laie cases, osteomalacia occiiis onl}* in 
pregnane}’, we immediaielv think of the gioving fetus with its laige 
demand for calcium for its bony tissue as the cause of the increased catab- 
olism of the hones of the mother. Tins pos'^ibihtv indicates the diiection 
in which to look for evidence 

A shoug point in favor of this opinion that tlie grouing fetus causes 
a certain dram on tlie lime salts m the mothei’s bone is to be found in the 
observations of Hanau Tins invcstigatoi found at autopsy changes 
similar to osteomalacia in the bones, and espcciall} the bones of the pelvis, 
of twenty women wlio were apparently fiee fiom an} symptoms of tins 
disease during life A clinical observation of Fehling’s^’^ fits in with these 
findings Tehling has observed that many women who have seieial 
quickly succeeding pregnancies ha^e pain and tenderness in the pehic 
bones as m osteomalacia but without defoimity, and has suggested tliat 
these aie lightei giades of osteomalacia It seems piobable, then, that in 
pregnant women, the noimal catabolic processes in the bones arc incieased 
}ust as the noimal catabolic piocesscs in general aie increased on behalf 
of the fetus and 'that, in osteomalacia, ue nie dealing with extierae eases 
of a normal piocess 

Clinical evidence, too, points m this diiection Careful examination 
of the clinical histones of as many cases of osteomalacia as could be found 
m the literature brought out certain facts that had not before been empha- 
sized In the first place, osteomalacia larely begins in the first oi even in 
the second piegnancy but usually only aftei seveial lapidly succeeding 
pregnancies, and, fuithermoie, is usually seen in poor women whose 
hygienic environment is bad As a lule, the first attack appeals in the 
later months of pregnancy and the patient usually recovers after parturi- 
tion A second attack may not occur. But, rf pregnancies succeed each 
other rapidly, other attacks occur, and the succeeding attacks begin earlier 
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and earliei m succeeding pregnancies, are more severe, and last longer 
after the pregnancy is ended, until finally there is no recovery In other 
words, it IS only after a long-continued and severe drain on the bones of a 
poorly nourished patient that the body fails to respond to the demands on 
it, and even then recovery follows if the severe demands are not continued 
Of course not every ease runs like this, hut this is the typical course of the 
disease 

These clinical features seemed so important and suggestive that a 
search was made especially to see if other investigators had not made any 
similar observations It was found that Cohnheim^® mentions the fact 
that it IS common for osteomalacia to heal after the first pregnancy and 
then undergo an exacerbation durmg each succeeding pregnancy 
Latyko,’^® too, has made observations nearl}’^ similar to mine regarding the 
clinical course of the disease The observation made b}^ Cohnheim’^® that 
fractures occurring during pregnancy are slowly lepaiied because a proper 
callus IS formed with difficulty, is a point in favor of my theory In the 
case of the fracture, theie is a lack of lime salts for the formation of new 
bony substance In the case of osteomalacia, there is a lack of lime salts 
for the formation of normal bone to take the place of that winch is being 
destroyed, at an increased rate on account of the pregnant state Both 
histological and clinical evidence, then, are in favor of the view that 
osteomalacia is but an exaggeration of the inci eased metabolism of the 
bony tissues in pregnancy, and the question naturally comes up as to 
whether there is any chemical evidence pointing in the same direction 

As chemical evidence in this diiection we must considei the metabol- 
ism experiment of Neumann®® on a patient with osteomalacia durmg preg- 
nancy Instead of a loss of calcium, he found a retention in this case 
(Table 17) There was likewise a retention of magnesium and phos- 
phorus These are the only elements he studied ' Here the abnormal 
process is going on and magnesium is retained The calcium phosphate is 
not excreted but given up to the fetus That a healthy fetus can develop 
in a woman who has osteomalacia and who therefore is not in a condition 
to give up lime salts without severe consequences to her own tissue is not 
surpiising in view of the results of Jageroos,*’^ who showed in experi- 
ments on dogs that a fetus can develop at the expense of the mother even 
when there is a negative phosphorus, nitrogen, and salt balance in the 
metabolism of the mother 

76 Cohnheim, J Lectures on General Pathology Eng transl by A McKee, 
1889, Tol 11 , seet 2, p 636 

77 Jdgcroos, B Studien uber den Eiweiss, Phosphor, und Salzumsatz 
wahrend des Graviditat, Arch f Gynak , 1902, Kvii, 517 
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That IS to sa3^, when there is not enough material in the food even 
for the mother alone, the fetus continues to grow and the growtli here, 
as in osteomalacia, is at the expense of the tissues of a mother who is not 
m condition to gne up material The chemical eMdence, then, is not 
abundant but is in accord with our view concerning the etiolog}’' of the 
disease 

Tablu 17 — Calcilm Oxid axd Pnospnonus Pextoxid ix Osteomaevcia Dueixg 

Pregx vxcy 



CaO 

MgO 

P=0„ 

In food 

12 10 

2 01 

14 70 

In excreta 

9 97 

1 72 

13 20 

Eetained 

2 13 

0 2S 

1 44 


The question then come': up as to uln cacti ation cuies in some of the 
less severe cases of osteomalacia Tlie ans^\er is simple A gieat many 
different kinds of treatment besides caciration ha\e been followed by 
either tempoiaii oi peniianent cure in ca^es of osteomalacia Thus, 
chloral'® sulphui baths'^'"'* chloroform naicosis."® and ecpeciallv phos- 
phorus®'’ have cuied mam cascc The ruicc following inicction of adre- 
nalin ha^e even led Bossi^^ to the conclusion that osteomalacia is a disease 
of the supraienal glands Good Ingienic tiealment alone is ven effcc- 
tive,®= and, furtlieimoie, mam patients recotei without ain tieatment. 
On the other hand all tlie«e measuiec. including eastiation. sometimes fail 
Besides out case, oiil} one otliei cacc of non-pueipcial osteomalacia can 
be found in the literature in which eastiation was tiicd The opeiation 
m our case failed to cure the patient In the other case the patient w’as 
said to be irapioved aftei thiee months but wxas not fuithei followed The 
important thing to note m the ca^c of the eastiation theiapv is that it 
prevents further picgnancies so that, except in se^ele cases, the cure is 
hkely to be permanent 

So far then as pueiperal octeonialacia is concerned, we can cq} that 
it IS not a disease of the ovaiies, but an exaggciation of a jiiocecs that is 

78 Petrone Osteomalakie, Centralbl f Gjnak, 1893, wn, 392 

79 Weisz, E Beitrag /ur Ileilung der Ostcomnlacie, Wien klin Wclmsclir , 
1894, vii, 423 

80 Sternberg, 3^1 Ueber Diagnose und Tlicrapie dor Osteomalacie, Zlschr f. 
klin Med, 1893, xxii, 205 Iloxtcr, 0 Beitrjlge zur quantitatnen Ilarnanalyse 
bei Osteomalacie unter dem Eintluss der Pliosphortbeiapie, Ztsclir f exper Path 
a Therap , 1900, in, 005 Siegeit, F Ueber typische Osteomalacie im Kindes- 
alter, Munclien med Wchnsclii , 1898, \lv, 1401 Beinstein Die Oophorinbe- 

andlung bei Osteomalacie, [Munclien med Wclmsclir, 1898, xlv, 427 

82 This probably explains the tempoiary improvement of oiii patient 

83 Hofmeier, M Zur Fiage der Behandlung der Osteomalacie duich Castra- 
tion, Centralbl f Gjnak, 1891, xv, 225 
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normally going on iTormally the anabolic and catabolic processes in the 
bones balance each other In pregnancy, as a result of increased needs 
of the fetus for lime salts, the apposition of lime salts in the bones may 
not quite make up for the lime salts destroyed and the new bone formation 
contains less lime If this latter process is greatly exaggerated, the bones 
can not preserve their rigidity and the patient has osteomalacia 

8 N on-puerperal Osteomalacia 

If puerperal osteomalacia is, then, due to a disturbance of the equilib- 
rium of the calcium phosphate metabolism, we might expect that other 
conditions might occasionally lead to a condition similar to that seen in 
puerperal osteomalacia either by decreased calcium anabolism or by 
increased calcium catabolism As a matter of fact, we do find cases of 
non-puerperal osteomalacia The disease has occasionally been repoited in 
men and in unmarried women The patient whose metabolism we studied 
was an unmarried girl 18 years old One of the bones which we analyzed 
came from a young man with the disease Among 360 cases of osteoma- 
lacia reported by five writers, there were 39 cases of the disease in men, 
but, as these statistics are old, there is some question about the diagnoses ~ 
Without malcing a special search for all cases, I was able to find ten cases 
of the disease reported in unmarried women during the last twenty-five 
years — the diagnosis bemg confirmed in some cases by autopsy — and nine 
eases in men, four of which were confirmed by autopsy Concerning the 
cause in these cases we know little, probably because a systematic search 
has not been made for a cause Calcification of various tissues is not at 
all uncommon and a number of papers have been appearing lately showmg 
that heteroplastic bone formation is not very rare In a recent paper on 
the subject Buerger and Oppenheim®* point out that such bone formation 
has been found m the dura, pia, chorioid, muscles, bladder, scars, lungs, 
pleura, eye, stomach, liver, and lymph-nodes Systematic search might 
show in these cases what Hanau^s investigation showed in pregnant 
women, that a certain degree of decalcifi cation of bones frequently takes 
place to supply the lime needed even though it is not great enough to give 
symptoms of osteomalacia And, on the other hand, careful search at 
post-mortem examination might show where the lime salts were going to 
in these non-puerperal cases Heimmg^® refers to the abundance of con- 
cietions of lime salts in different parts of the body, especially the kidneys, 

84 Buergei, L, and Oppenheim, A Bone Formation in Seleiotic Arteries, 
Jour Expel Med , 1908, x, 334 



riiAls^CIS n M’CRUDDEN 


025 


in osteomalacia but does not give enough data Bcigei®® also lefers to 
these kidney and bladdei -stones This authoi lefers aBo to two cases o£ 
osteomalacia folloivmg osieotoni} and states that the disease often follows 
an accident, he questions if the afflux of lime salts for lepair of the wound 
may not be the stait of a process of decalcification of othei paits which 
piolongs itself even aftci the need has '^topped He states that the calcium 
excretion m one of these ca'^es vas 9 0 gm of calcium oxid pei da} — an 
enormous amount Tins suggestion of a production of an excess of lime 
salts after the need foi them has ceased is a good one It is not uncommon 
for the bod} to continue a pioccss once staited c\en aftci the need foi it 
has ceased The piodiiction of ceitain antitoxins is an example of this 
An example of this is also seen in the metaboli'^m expeiiment on my 
patient AYhen she began to impiwe after the opciation, and calcium was 
retained, the letention of sulphui did not cea«e at once but onh latei 
Anothei obseivation in this line is that of Kchicr that i\hen healing of the 
bones does take place in cases of osteomalacia the} become especiall} liaid 
This mattei will be refened to again lalci ^Ye must conclude hoiieier, 
that, although i\e undeistaiid the pieces':, the cause foi these raie cases 
of non-puerpeial osteomalacia is not alwa}': clear 

Jf Arixficxal Osfcomalacxa 

If osteomalacia can be produced b} a naturally occuiiing dram on the 
lime salts of the bones, it seems probable that a 'Jimilai condition might 
be produced artificially Choscat®' Ma*: the tji':t to ti} such an expeiiment 
He fed pigeons a diet poor in lime sallc The bones became thin and 
fractured easily, and post-mortem exaininaiion showed that they uere 
partly made up of soft caitilaginous mateiial Edvaids'**’ lepeated the 
expermient and produced a condition more neail} like ostcopoiosis In 
this case, the bone was destroyed as a whole, organic and inoigamc 
material together but, apparently, no neu bone uas laid down Holotl®” 
produced rickets in young dogs and swine which were fed a diet poor in 
lime salts Yoit,®® also, produced rickets in puppies fed on such a diet. 

86 Beiger Amelioration spontanOe survenuc dans nn cas crosteomalacic mas- 
culine arrive aux deformations les plus cxtiOmes n^oc complications de litluase 
vesicale et rCnale, Tresse mCd , 1905, \iu, 249 

87 Chossat Note sur Ic systGme osseux, Compt lend de I’Acad d sc, 1S42, 
XIV, 451 

88 Edwards, A ExpCiiences sui la nutiition des os, Compt lend de I’Acad 
d Bc , 1861, 111, 1327 

89 Eoloff, E Ueber Osteomalacic und Rlmcliitis, Arch f Thieilieilk , 1875, 
1, 189 

90 Volt, E Ueber die Bedeutung des Kalkcs fill den tbienscben Oiganismus. 
Ztscbr f Biol , 1880, xvi, 55 



626 


BOl^E METABOLISM AND OSTEOMALACIA 


The experiments of Stilling and Meiing»i and Eoloff»° are conclusive 
regarding the production of puerperal osteomalacia Stilling and Mering 
fed a female dog on a diet poor in calcium salts during the •whole of the 
period of pregnancy After parturition, the dog was killed and was found 
to have tiue osteomalacia in the bones of the pelvis and ribs EolofE 
performed a similar experiment on a sheep and continued the diet poor 
in calcium thioughout the peiiod of lactation The sheep became lame 
and showed the clinical picture of osteomalacia Post-mortem examina- 
tion showed a condition of true osteomalacia in the bones It is not to 
be supposed that it is a diet poor m calcium that bungs about the condi- 
tion in human beings, but the feeding of such a diet to pregnant animals 
gives the best conditions for the artificial production of the disease These 
experiments are in complete accord with my views regarding the etiology 
of osteomalacia 

6 The Replacement of Calcium hy Magnesium in Osteomalacia 

One more point that is best treated at this place is the question of the 
partial leplacement of calcium by magnesium in these cases I am not 
dealing here with ion action, so that the quite opposite physiological effect 
of these elements does not come into consideration The calcium phos- 
phate IS used to make the bony structure rigid, and a partial substitution 
in a time of need by the similarly insoluble magnesium phosphate does not 
seem out of the question There is, too, experimental evidence that cal- 
cium can be replaced in part by similar elements under certain conditions 
Thus Konig®® fed three sets of young rabbits food poor m calcium phos- 
phate To the diet of one set, calcium phosphate was then added, to the 
diet of another set, magnesium phosphate, and to the diet of the third set, 
strontium phosphate The rabbits which were given magnesium phosphate 
were found to have twice as great an absolute amount of magnesium m 
the bones as the others In the case of the rabbits fed strontium phos- 
phate, an element foreign to the body, the amount of calcium in the bones 
was decidedly decreased and about 5 per cent strontium found instead 
The eailiei experiments of Weiske®* when he used adult animals gave 

91 Stilling, H, and Mering, J Ueber experimentelle Erzeugung der Osteo 
malacie, Centralbl f d med Wissenscli , 1889, xxvii, 303 

92 Roloff Ueber Osteomalacie und Rhachitis, Arch f Tbierheilk , 1879, v, 
152 

93 Konig, J Substitution des Kalkes in den Knocben, Ztscbr f Biol , 1874, 

X, 69 

94 Weiske, H Ueber den Einfluss verschiedenen der Nabrung beigemengte 
Erdpliospbate auf die Zusammensetzung der Knocben, Ztscbr f Biol , 1892, viii, 
239 
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negative lesnlts^ but latei expei iments/“ in winch lie used young animals^ 
gave results lilve those of Konig It is cleai, then, that magnesium can act 
as a substitute foi calcium in the bones when the oiganism has not enough 
calcium at its disposal 

IV THL :jn:TAnOLTS:M IX DirFERUXT STAGES or THE DISEASE 

A closer examination of the results of the metabolism expeiinients m 
different stages of the disease gnes a cleaiei pictuie of the piocess going 
on Tables 18. 19, and 20 gi\e a summaij of the results of thiee of oui 
metabolism experiments duimg the diffeient ‘Stages of the disea^^e 

Table IS — yinxvBOLTSM DtnrxG run Acrnn Stage or Osteomalacia 


S days 

CnO 

MgO 


S 

X 

Total excreted 

5GG 

2 oh 5 

12*17 

2GS 

G3 02 

In food 

4 oO 

2 207 

12 05 

7 15 

G9 12 

Retention 

—1 10 

4-0 192 

— 0 32 

4-4 47 

4-G 10 

The expeiiment®^ 

shov n in 

Table IS 

was Gained out dm mg the acln 

stage of the disease 

There u 

as a loss 

of calcium and pliosphate and 

retention of sulphur and magnc'sium 




Table 19 

— ^MtnrvBorisM .Vrrrp Remo\al 

or 0\ ABIES 


14 days 



CaO 

S 

X 

Total excreted 



7 20 

4 84 

10} 3 

In food 



10 03 

10 54 

127 0 

Retained 



4-2 S3 

4-5 70 

7 

1 M w 1 


The experiment®^ shown in Table 19 uas pcrfoimed aftei the ovaiies 
were removed and as soon as the patient began to show signs of impiove- 
ment Magnesium and phosphate weie not studied The improvement 
had led to retention of calcium Theie was also a letention of sulphui, 
probably because the impioieinent had only just begun The retention 
of sulphur persisted for a time and did not become noimal as soon as 
the improvement m the calcium metabolism appealed The letention of 
sulphur was not so gieat as in the first expeiiment, howevei In the first 
experiment the ratio of the sulphur letained to that of the nitrogen was 
YSilOO In this experiment it was only 25*100 In all piobability the 
good hygienic conditions in the hospital weie as much lesponsible for the 
temporary improvement in this case as the opeiation The retention of 

95 Weiske, H Versuclie tiber die Wirkung ciner Beigabe von Calcium, 
Strontium, resp Magnesium carbonat zu einem kalkarm, aber pbospliorsauie- 
reichen Futter auf den tbienscben Organismus inbesondere auf die Zusammenset- 
zung das Skelettes, Ztscbr f Biol , 1895, xxxi, 421 
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SO much nitrogen is in accoid with this belief The patient continued to 
improve for some time after this and there was union of a bone on which 
osteotomy had been performed 

Table 20 — ^Metabolism a Year After Table 19 


6 days 

Total excretion 

In food 

CaO 

8 27 

3 U 

MgO 

1764 

1 504 

P=0„ 

10 35 

12 28 

S 

2 793 

2 897 

34 68 
38 85 

Retained 

—4 83 

—0 260 

4-1 93 

4-0 104 

4-4 17 


The experiment^ shown in Table 20 was performed more than a year 
after the second experiment Just before this experiment the condition 
had begun to grow worse Two spontaneous fractures had occurred a few 
weeks previously In this experiment, again, there was a loss of calcium, 
which, judgmg from the clinical condition, had begun recently The 
sulphur metabolism nearly balanced A marked retention had hardly 
begun This is a condition which might well explain the occurience of 
the fracture There was an increased catabolism of the bone to which 
the body had not yet responded by an increased apposition, a condition 
leading to a temporary osteoporosis In both the second and the third 
experiment it will be seen that an increased catabolism or anabolism of 
bone is not immediately followed by an increase in the reverse process 
The slow response to changed conditions in the metabolism is seen, too, 
in the later and later recovery from attacks of osteomalacia after succes- 
sive pregnancies until finally there is no recovery and the increased calcium 
catabolism continues This, too, is quite in accord with the hypothesis 
that some of the cases of non-puerperal osteomalacia may have been due 
primarily to a need for calcium by other parts of the body and that the 
increased catabolism so started becomes permanent The cases of osteo- 
malacia in males, already spoken of, which were apparently started by a 
need of calcium to repair broken bones are in accord with this hypothesis 
The retention of calcium during an improvement m the condition is 
also shown in other experiments The metabolism in osteomalacia during 
pregnancy has been spoken of already In this case, as we should expect, 
there is retention of calcium even during the active stage of the disease 
But this retention is probably only an apparent one since the calcium goes 
to the fetus and is not retained by the mother heiself Finally, in the 
very last stages, after the amount of calcium phosphate in the bones has 
decreased to a very low level, the body is able to maintain a calcium 
balance at this low level for a time before death 
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T SmnrARY OF TIIE ETIOLOGY .VXD THE COURSE OF HIE DISEASE 

Putting our lesults togellici. uc get a pictuie of the conise of the 
disease A need of calcmru phosphate b-s the giouing fetus is lesponded 
to by an inci eased catabolism of the bones of the niothei This inav be 
balanced by an inci cased appo<?ilion of Ihe noinial bone or, m a poorh 
nouiislied uonian of lou Mtalitv, bi apposition of bone pooiei in oi fiee 
from lime but containing a slighih incicaced amount of magnesium 
phosphate Aftei the end of irc'^tation, oi lactation, when the need for 
calcium phosphate has cca«cd an a])po':ilion of noimal bone may begin 
and the patient ma\ ieco%ci Aflei lepcatcd, lapidh fol\o^^lng picgnan- 
cies, the amount of calcium pho'^phaic in ilie bonc=i becomes Ic^s and 
less A new piegnanei begins liofoie the oigaiii^'in ha^; made up foi tlie 
loss of calcium pho'^phatc in the piecedincr picgnanc\ And fuithci 
the long-continued increased catabolism continues longci aftei the need 
for it has ceased. Pinallv, the dccieacc in the calcium phosphate of the 
bones is so gieat that it i'; iiciond the powci of the patient to inciease 
the anabolic processes; to such an extent that thci mil not only balance 
the increased catabolism but that cailici lo^'-cs mil be made up In the 
very last stages, the bod\ has lo^t *=0 much calcium that tlie total amount 
m the bones is very low, the daih los« becomes len small, and a balance 
can be maintained on this \ei\ low level foi a time befoie death 



We might even icpiescnt a typical case by such a figuic as the accom- 
panying illustration 

The line qx lepiesents time, qij the amount of calcium phosphate in 
the bony system The peipendiculai lines icpiesent the beginning of 
pregnancies, qa is the noimal amount of calcium phosphate, gt is the 
amount below which S3mptonis of osteomalacia appeal At b, vye may 
imagine a pregnancy to begin, and at c lactation is supposed to end. Ee- 
covery begins soon after, at d, and is complete at c Anothei piegnancy 
begms at f. Eecovery begins at Ji and a new piegnancy at i befoie 
recovery is complete Eecoveiy aftei the next piegnancy at m is less 
complete and, finally, m tlie next piegnancy symptoms of osteomalacia 
appear and the disease becomes permanent The periods cd, gli, %1, no, 
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tlie lengths of time after paituiitiou oi lactation that recovery begins, 
become successively longer and longei The lines de, U, Im, op, become 
successively less steep, indicating more prolonged convalescence 

In cases of non-puerperal osteomalacia, it seems likely that some long- 
continued need for calcium, such as undoubtedly often occurs, starts an 
increased catabolism of the bones which in some cases may persist after 
the primary need has ceased 

In rickets, osteitis deformans, and senile osteomalacia, the process 
would seem to be similar although the course and histological appearance 
may be different In young infants, a balanced metabolism of calcium 
phosphate is not sufficient The apposition of new normal bone contain- 
ing lime salts must be more rapid than the destruction and whatever in- 
ter feies with this preponderance of anabolism over catabolism may lead 
to rickets In senile osteomalacia, the condition is one of osteoporosis 
The bones become not soft, but thin, owmg to the fact that increased 
bone catabolism is not responded to in the aged by an apposition of even 
soft lime-free bone In osteitis deformans, we have a condition of local 
osteomalacia 


VI THE TREATMENT OE OSTEOMALACIA 

Erom what has been said concerning the etiology of osteomalacia, it 
will be seen that the treatment depends on the individual case It is 
probably useless to resort to castration in a condition of non-puerperal 
osteomalacia or a very severe case of puerperal osteomalacia, and, in mild 
cases of puerperal osteomalacia, it is usually needless to resort to this 
operation Good hygienic conditions should be relied on to improve a 
mild case and the patient should be advised concerning the dangers of 
lapidly occurring pregnancies The recent results in bringing about arti- 
ficial menopause by the T;-rays®® leads me to suggest that this treatment 
might be tried instead of the more severe operation in a case in winch 
sterilization seemed advisable 

96 Halberstaedter, L Die Emwirkung der EontgenstroUen auf Ovanen, 
Berl klin Wchnsehr , 1905, xlu, 64 Cournelle, P de Action atropliique glan- 
dulaire des rayons de Eontgen, Semaine mCd , 1905, xxv, 116, Sterilisation ovar- 
ique chez la femme par les rayons de Eontgen, Semaine mSd , 1907, xxvii, 568 



THE SYMPTOM-COMPLEX OE THE ACUTE POSTERTOP 
POLIOMYELITIS OF THE GENICULATE, AUDITORY, 
GLOSSOPHARILS^GEAL AND PNEUMOGAS- 
TRIC GANGLIA 

J R^UfSAY HUNT, D 

M'W -iOIlK 

In pievious communications^ I l)a%e aliendv claboi alcct in '■ome detail 
the symptoiiiatolog> and complications of the po'^tcnoi polioimclitis of 
the geniculate ganglion of the facial nene. a sincliomc which is char- 
acteiized by heipcs zoster oiicut; facial pal«\ and aiicliton '^Miiptom'^ 
When the ganglion alone i« iinolvcd heipes otieiis le^JiilU, the eiuption 
being distributed m the central poiiioiic of tlie cxleiiial car If the 
mtlaiiiniation c\tcnd= fiom the gaii£rlion to the nci \ c-tiunk. facial palsi 
follows, and when deafnc'^'^ and ‘•Miiptoms of Meniere's di'^ea'se occui 
they are piodiiccd either b's an cxicnsion of the mflainniaton piocess to 
the adjacent aiidiioij> nene or In cimu]iaiieou<= involvement of the 
peiipheial aiiditoi^ ganglia (Fig 1) 

I shall now con^idei the localization of the same pioce-'- in the pei- 
ipheral root ganglia of the glos^ophai^ngeah vagus, and auditory neives, 
their lespectne neuial complications and the xaiioii': clinical combina- 
tions which niaj occur- I chall also eiideaioi to difleiciitiale the zoslei 
zones of the geniculate, gloscophaivngeal, and lagal ganglia on the evtei- 
nal eai, and nithin the buccal caiiiy. Tt ina> be said in geneial that 
all of these clinical t^pes aie i elated, and together foim a definite group 
of cases, which is characterized by licipes zoster of the cephalic extremity, 
with facial palsy, auditoiy, and pnciimogasti ic sjmptoms in laiious 
combinations 

Tins group foinis an inteiesting chaptei of heipes zoster, an affection 
which IS distinguished by an ciuption of herpetic vesicles, usually uni- 
lateral, and strictly limited to a definite ai ca of the slan or mucous mem- 
brane (the zoster zone) Tlie underlying lesion is an inflammation m 

1 Hunt, J Ramsay Herpetic Inflammation of tlie Geniculate Ganglion, a 
Hew Syndrome and Its Complications, Jour Nerv and Ment Dis , 1907, xxxiv, 73, 
id , Otalgia Considered as an Affection of the Seventh Cranial Nerve, Arch Otol , 
1907, xxxvi, 371, id , Em Rail von Poliomyelitis posteiior des Ganglion Geniciili, 
Neurol Centralbl , 1908, xxvii, 514 

2 Hunt, J Ramsay The Paralytic Complications of Heipes Zoster of the 
Cephalic Extremity, a Preliminary Report on the Herpetic Inflammations of the 
Geniculate, Glossopharyngeal, Vagal and Acoustic Ganglia, Jour Am Med Assn, 
1909, liii, 1456 
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the sensoiy ganglion oi ganglia coiresponding to the eruption The 
eruption is usually confined to the distribution of a single ganglion, but 
this IS not always so, and double, triple, and even multiple forms occur 
The legion of the head and neck is especially liable to mvolvement of 
more than one ganglion in zona 

In my previous papers, I have particularly emphasized the occasional 
presence of infiammatory reactions in those ganglia situated immediately 



Fig 1 — ^Diagrammatic repi esentation of the facial nerve, showing its ganglion, 
motor and sensory roots, and peiipheral divisions Division I The great super- 
ficial petrosal nerve passing to Meckel’s ganglion, with its tympanic branch (gieat 
deep petrosal) Division II The small superficial petrosal nerve passing to the 
otic ganglion, with its tympanic branch (small deep petrosal) Division III In- 
cluding the motor trunk, chorda tympani and sensory filaments for the external 
ear 

above or below the chief or eruptive focus, or that corresponding to the 
zoster zone I would draw attention again to this serial involvement of 
ganglia as having an important bearing on the neural complications 
which are to be considered later 

The specific infective agent of zona is unknown, but whatever its 
nature may be, it possesses a definite and special afimity for certain 
ganglionic stiuctures, of which the posterior root ganglia of spinal nerves 
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and the Gasseiian ganglia aie t\pes It piodiices in these structures an 
inflammabon, having the same geneinl pathological characteristics as the 
acute anterior poliomjeliti': Because o£ the similarity between these tuo 
inflammatory aflechons. one of the anterioi horn'^, the otliei of the pos- 
terior ganglionic chain, herpes zoster has been teimed an acute posterior 
poliomyelitis (Head and Campbeir) 

It is now generally accepted b} anaiomist': that the geniculate "losso- 
phar}ngeal. pneumogasiric, and even the acou'^tic ganglia, aie homo- 
logues of the posterior spinal ganglia, and form an integral part of this 
ganglionic chain For this lea-on. I belic\o that thc'^e ganglia mav also 
be involved in the specific infection and iiiflamniatoiy reactions of /ona 
(posterior polionneliii‘=) Becent in\e=tigations hare shoun that the 
acute anterior polioiii^eliti': occacionalh iinades the motor ciamal ner\c 
ganglia, the same is also tine of pocteiioi poliomielitis and the various 
root ganglia of the seicnth, eighth, ninth and tenth ner\e=, giving ri':e 
to a senes of inteiesting ndronie". the real iiatuie and significance 
of which have not been recognized 

The neive complications vhich aiisc. like the hcipetic eiuption, aie 
unilateial, and aie pioducod hy an O' tension of the inflammatori piocess 
in the ganglion to the ad.incont fibci= of the sc\enth, eighth, ninth and 
tenth nerves These may oecui uith the outbieak of the eruption, oi. as 
more commonly happens. soNcial da^‘:, oi c\en a fortnight latei This 
period of quiescence or latenc) intcnening between the appeal aiice of the 
eruption and that of the ncnc iniohcincnt, suggc'^ts that the inflam- 
matory process in the ganglion inai be inoic oi las'; piogiessive in char- 
acter in its eailiei stage and ha= not i cached its full height with the 
appearance of the Acsieles Thi': tendenc} to slight piogiession lecones 
a further clinical coiioboiation fiom the occur lencc of successne crops 
of vesicles m the eailicr period of the di'^ca^c 

The clinical statistic'; which are utiii/cd in my paper aie based on the 
records of eighty-seven ca‘=cs of herpes zo'^tei of the cephalic extremity, 
in which there was an associated facial palsy In this entire series, the 
eruption w^as limited to one or more of the zoster zones of the head and 
ueck Among these cases theie w^ere many wnth auditory complications, 
and a few^ with symptoms pointing to involvement of the pneumogastiic 
nerve In order to illustrate the vaiious clinical types, my own unpub- 
lished cases w’lll be presented in abstract form, together with certain 
cases recorded by other obseiveis illustiating special features of the 
disease 

The subject-mattei will be consideied undei the following geneial 
headings 


3 Head, H, and Campbell Pathology of Herpes Zoster, Bi am, 1900, wui, 353 
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1 Eeport of personal cases of herpes zoster oticus 

2 The zoster zones of the geniculate, glossophaiyngeal, and vagal 
ganglia on the external ear (herpes zoster oticus) 

3 The paralytic complications of herpes zoster oticus 

4 The intra-oral zoster zones of the glossopharyngeal, and vagal 
ganglia (herpes zoster pharyngis and herpes zoster laryngis) 

5 The complications of herpes zoster pharyngis and herpes zoster 
laryngis 

6 Herpes zoster of the tongue with facial palsy 

7 Posterior poliomj'^elitis of the auditory ganglia 

8 The paralytic complications of herpes zoster facialis and herpes 
zoster occipitocollaris 

9 Concluding remarks 



Fig 2 — Tie topographical landmaiks of tlie evteinal ear 

1 REPORT OP PERSONAL GASES OF HERPES OTICUS 

Case 1 — Herpes Zostei Oticus — (Neurological service of Prof Dana, Cornell 
Medical School) W F , aged 16, in good health Onset Nov 16, 1907, with head- 
ache, chilly sensations and pain in the occipital region The patient was unable 
to work and remained at home several days, there was no vomiting but consider- 
able nausea with fever The patient was examined in the Cornell Medical Clinic, 
November 20 On admission his temperature was 102, pulse 108 There was an 
eruption of herpes in the left ear which had made its appeal ance on November 17 
There was no discharge from the ear, and the hearing was not affected, there was 
no tinnitus aunum The eruption had the following distribution A small group 
on the posterior half of the concha, a someivhat larger group immediately pos- 
terior to this on the antiheliv, another on the posterior portion of the anti e ix 
and one just beneath its fold, in the postero superior boundary of the cone la 
The auricle was somewhat swollen There was no eruption within the cana , no 
vesicles on the face or neck The innervation of the facial nerve was equal on le 
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two sides Objective examination of the eai was ncgatne There was some 
hypalgesia in the region of the eruption 

Case 2— Hopes Zosio Oitcus — (Referred from the Kew York Rye and Ear 
Infirmary Service of Dr. Whiting ) iMrs L , aged 22, in good health Onset 
Monday, Jan 4, 1909, with roaring in the right car During the day there i\erc 
severe pains in the auditory canal and mastoid region The next day, the loucr 
half of the auiicle became swollen, tender and bluish-rcd in color, and an eruption 
made its appearance in the swollen area A few enlarged tender glands uerc 
palpable below the auricle The tinnitus auriuin continued for several day s and 
the hearing was slightly reduced on the affected side The eruption had the fol- 
lowing distribution the antitragus and the helix immediately aboic and the 
lobule immediately below the antitragus All trace of the ^cslclcs disappeared in 
two weeks The canal and tyinpaniini were free from ^cslclcs, as were also the 
face and neck 



Fig 3 — ^Diagram of the sensoiy nerves of the scalp and face, (1) great 
occipital, (2) small occipital, (3) auricular branch of the pncuinogaslnc. (4) 
great auricular , (5) auriculotemporal, (0) temporal hi aiich of siipcrioi maxillary 
nerve, (7) supra-orbital, (8) supratrochlear, ( 9 ) malar branch of supei lor maxil- 
lary nerve, (10) infratrochlcai , (11) nasolobular, (12) iiifia-orbital, (13) buccal 
branch of inferior maxillaiy nerve, (14) mental (From Iloldcn’s Anatomy ) 

Case 3 — Hopes Zostei OUcus — (Rcferied from the Otological Clinic of the 
Cornell Medical School by Dr McAuliffe ) IMiss F , aged 18, in good health 
Onset in August, 1908, with severe pains in the lobule of the loft ear and in the 
depth of the auditory canal, of a sharp, shooting chaiactei On the third day 
there appeared several small groups of herpetic vesicles on the posterior mesial 
surface of the auricle and the adjacent mastoid region, conesponding to the dis- 
ribution of the auricular branch of the vagus Theie was no tinnitus and the 
learing was undisturbed Canal and tympanum w^cie fiee The eiuption dcsic- 
ca ed and disappeared, leaving a few small scais The neuialgic pains (post- 
erpetic otalgia) persisted foi a long time and weie veiy seveie Six months 
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later, the patient was still subject to nuralgic pains in the ear, very sharp and 
shooting m character and causing a distinct reflex jerk of the head The hearing . 
was normal 

Comvient — ^This case is interesting because of the persistent and severe post- 
herpetic otalgia and the localization of the herpetic vesicles, posteiiorly, in the 
cleft between the auricle and mastoid process, within the distribution of the 
auricular branch of the vagus (Fig 3) 

Case 4 — Herpes Zoster Ottcus ttnili Facial Palsy — (Referred from the New 
York Eye and Ear Infirmary, by Dr Robert G Reese) J M , aged 19, was exposed 
to cold on Feb 1, 1909, this was followed by coryza and chilly sensations The 
next day there were pains in the depths of the left eai, concha and mastoid region, 
which were so severe during the night that the patient could not sleep On Feb- 
ruary 5, there was a paralysis of the left side of the face, but no tinnitus, and the 



Fig 4 (Case 4) — ^Peripheral facial palsy in conjunction with an eruption of 
herpes zoster in the cleft between the auricle and the mastoid process, in the dis- 
tribution of the auricular branch of the vagus 

hearing was undisturbed (Fig 4) Examination on February 9 showed complete 
facial palsy with ageusia in the distribution of the left chorda tympani Hearing 
was normal An eruption of herpes zoster was distributed posteriorly in the cleft 
between the auricle and mastoid region (See Fig 5 ) 

Comment — ^This case is interesting because of the situation of the eruption in 
the distribution of the auricular branch of the vagus, and the associated facial 
palsy, which I attribute to an inflammatory reaction in the geniculate ganglion 
of the seventh nerve 

Case 5 — Herpes Zostei Oticus loitli Facial Palsy — (Referiedby Dr Josephine 
Walter of New York City ) Miss S , aged 30, m good health Onset the last week 
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m Octobei 1009, amUi iicxnalgic pain'; in llio light fu occi])ital ipgion and iiglit 
side of the face A few da^s hitci “a ‘^oic tin oat on the light ‘>ulo xxhicli xxa': 
s]i"htlv swollen and iiinaiiicd (E\ iinination In Aiip snigcon ) At the same 
tune tlieie appealed a =iinall gionp of heipelic acsuIcs in the concha of the light 
eai Ihe anlitiagns xias swollen led and temlei A iiglit facial pals\ appeared 
oil Xoxenihei 0, honing iioinial Xocoinhei 2() the facial inncnation was giad- 
ualh inipiOMiig on the i iglit side although (mcUmicos of ])aiesis m all thioe 
blanches weie still picseiit hcaniig nonnal taste noiinil 'Ihe desiccated 

! 



l?ig 5 (Ca«c 4) — An einption of hcipes /oslei hniited to the distiihnlion of 
the \agus on the posteioniesial siiiface of the aniicle, and adjacent mastoid 


remains of the vesicles weie still cMdent in the conchal icgion, none within the 
auditoij canal ICcuialgic pains still peisistcd in the eai 'J'heie was a distinct 
paiesis of the soft palate on the aflected side, and on inneivation the nvnla was 
diaw’n npwaid and to the left 

Comment — ^This case is of intciost hecanse of the locali/ed “soie tin oat” on 
le light side and the associated paiesis of the light side of the soft palate in 
conjunction with hcipes oticus and seventh ncive palsy 
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Case 6 — Henkes Zoster iLith Facial Palsy — (Eefeired by Dr N E Xoiton of 
New Yoik ) Miss F, aged 22 Onset Oct 24, 1909, with neuralgic pains in and 
about the left eai, and ivhen seveie, ladiating through the left side of tlie face 
and head Fiom the fiist, theie was also tinnitus auiium and a distinct sensitive 
ness to high pitched sounds ( hypei acusis ) A few days latei, a small gioup of 
herpetic vesicles made then appeal ance and weie distributed on the flooi of the 
auditoiy canal at the entiance to the meatus, in the concha and beneath the fold 
of the antiheliA On Novenibei 7, a left facial palsy appeared Evammation on 
November 11 showed a paiahsis of the left side of the face, all blanches weie 
involved, heaiing normal Taste lost in the left choida distribution Teai secie 
tion was inci eased on the left side (Inhalation of oil of mustard ) Palate in- 
nervation normal On November 18, facial palsy was much improved, only a 
tiace remaining, still occasional slight pains in the ear 



Fig 6 (Case 8) — Heipes zostei oticus with facial palsy The herpetic vesicles 
are situated on the tiagus, antitiagus, concha and the lobule Swelling and edema 
of the cential part of the auricle 

Comment — In this case, hyperacusis and tinnitus aurium had definitely pie- 
ceded the onset of facial palsy, and so cannot be attributed to an iiitei f ei ence 
the action of the stapedius muscle, as in ovyecoia, it may theiefoie be legai e 
as a mild evpiession of auditoiy nerve irritation 

Case 7 — Herpes Zoster Oticns mith Facial Palsy — (Eefeiied by Di E G 
Zabiiskie of New Yoik ) Mis S K, aged 50 Onset Octobei 29, vitli sharp, 
shooting pains in the left side of the head, in the occipital and tempoia regions 
On Wednesday the pains weie seieie and chiefly centered in the mastoid legion, 
just behind the auiicle On Wednesday evening, a left facial palsy vas appaien , 
there i\as also an itching in the auiiele and an eruption of herpes zos ei 
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\\ith leactions of degenei ation , hypesthesia of the light side of the face, con 
junctnal leflex piesent Palate iiinei vation, noimal Teai secietioii piesent on 
both sides 

Otologic evamination by Di W S Biyant, as follows Right auiicle slightly 
nioie pioniinent than the left Edematous and tendei, especially about the concha 
Some thin ciusts on the flooi of the concha and antitiagiis Canal much smallei 
than on the otliei side Fundus of canal biiglit led, swollen and leaking bloody 
seiiini The meinbrana tyniphani anteiioi half cleai, posteiioi half involved in 
swelling of canal Lumen of innei end of canil i educed to one thud of the size of 
its fellow Slight tendei ness half an inch behind mastoid anti uni Left eai shows 

advanced chionic middle eai cataiih with icti action and conti action of the dium 

menibiane and some thickening Light leflev neaiR absent Tinnitus in light 
eai only Functional tests High tone limit, light eai, 12,500 vib , left ear 

10,600 vib Low tone limit appeals to be the «aine in both eais, between 67 and 

59 vibiations Foik, 512 single vubiations was lefeiied fiom all paits of the head 
to the light eai Foik 512 vibiations on the light mastoid S/30 seconds, on 
left mastoid 5/30 seconds Watch light eai was 4/36, left eai was 11/36 Val 
salv'a’s inflation and politzeiization negative in both eais Cathetei ization showed 
a deal tube and fi ee tv inpamc cavitv' on the i ight 

Sunimai izing, it can be said that chionic middle eai cataiih and senile 
changes of both eais aie niaiked Theie is no indication that the two middle or 
iiinei eais ditfei v^eiy much in then condition The sound conducting mechanisms 
of the membiane and canal aie affected on the light, with mjiingitis and otitis 
e\teina diffusa 

On Apiil 3, 1908, theie was peisistent weakness of the light facial innervation 
with secondaiy conti actuies, heaiing noinial, no pain 


Case 9 — Heipes Oticus loiih Facial Palsy — (Obseivation bv Di Sidney I 
Schwab of St Louis ) Miss D , aged 28 A pievioiis Instoiy of old cai trouble of 
many yeais’ dui ation on both sides Patient was in hei usual health up to Apiil 
28, 1909, when she awoke in the moining with pain in the light eai and mastoid 
legion This pain was accompanied by headache and some geneial weakness 
Pams in the ear continued and vveie v'eij' seveie Examination on May 2 levealed 
a heipetic eruption m the external auditor v canal, and on the concha Theie w^as 
also a light facial palsy Pain sense on the light side of face was diminished in 


the trigeminal distribution (Hypalgesia ) 

Otological report as follows Both ears Bone conduction decidedlj' better 
than an conduction ( Only C4 hear d better by an conduction ) Length of time 
tuning fork heard by an decidedly decreased bone only slightly decreased Fork 
placed on median line of head always lateialized to right side 

Left ear Old kidney-shaped peifoi ation in drum below handle of hammer 
wdnch was par tly desti oyed Speech 6 0 meters, wdnsper 0 5 meter Aftei pol 


itzei ization, speech — 6 0 m wdiispei more than 0 75 meter 

Eight ear 6 8 small ulcei s in different stages of lesolution seen on the 
auiicle, chiefly on the crest of the antihelix, although there were a couple in the 
concha The meatal walls vveie slightly leddei than normal The diiini showed an 
old cicatiix, occupying the anterior infer loi quadrant and part of the posteiioi 
infeiioi The remainder of the drum was diffusely leddened, except for a small 
red spot over the handle of the hammer ]ust below the short process The dium 
was, as a whole, leti icted, the handle bung almost horizontal Hearing, speech 
—0 05 metei, whisper not heard, after politzerization, speech 0 5 plus meter 
whisper not lieaid The sensitiveness of the meatus and diiini was normal the 
mastoid was hypei sensitive, especially ov^er the antium 
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Avhich I shall base the sepaiation of these otic zones has been consideiably 
abbreviated for pniposes of pi esentation, and is anatomical, embiyo- 
logieal and clinical in its natiiie 

anatomical considerations (the sensory INNERVATION' OE THE 

EXTERNAL EAR) 

The e\teinal eai is distinguished bv a pecuhaily complex and mtiicatc 
sensoiy inneivation, foiii cianial and two spinal ganglia paiticipating in 
its nerve supply The difficulty of the subject is still fuithei inci eased by 
the small, almost vestigial disti ibutions of some of the ganglia lepie- 
sented, as well as by the noimal vaiiation and oveilap of sensoiy zones, 
which IS consideiable in this legion 



Fig 8 — Outlines of the auiiculai poition of the tiigeininal field detei mined by 
the line delimiting tactual anesthesia (Alter Cushing ) 

The nerve-sujiplj^ of the auiicle may be summaiized as follows The 
Gasserian ganglion is repiesented bj auiiculai filaments winch aiise from 
the auiiculotempoial branch of its thud division, the geniculate, by 
auriculai fibeis, which emeige with the facial at the stylomastoid fora- 
men, the exact couise and distiibution of which aie at present unknown, 
the petious ganglion of the ninth, and the jugular ganglion of the tenth, 
bj'' their respective auricular blanches, and the second and thud ceivical 
ganglia, bj^ the auriculai blanches of the ceivical plexus Theie are 
numerous anastomoses betveen these various neives, and 1 would espe- 
cially emphasize those between the auiiculai bianehes ot the nintn and 




b44 


HERPES ZOSTER 0I< 


THE CEPHALIC EXTREMITY 


Its uppei nnclpoition, ascends ovei the edge of the helix to the outei face of the 
eai which is ciossed behind the fossa tiiingulaiis to the antihehv, the iid^e of 
this lattei stiiictuie it follows passing aiouiid the posteiioi niaigin of the concha 
to the iiicisuia inteitiagica, tlie line nsnallv dipping in somewhat on the innei 
face of the aiititiagus, from the incisuia inteitiagica, 5 mm oi moie below the 
point of emeigenee of the tiigemmal line foi touch, it passes out on to the cheek 
usually in a foiwaid and don nu aid dnection” ’ 


If the fields of the tiigeimniis and of the second and thud ceivical 
ganglia aie noii hi ought togethei and adjusted on the aiuicle, theie is 
found to exist an intei veiling aiea consisting of the concha, fossa of the 
antihehx, tip of the antitiagus, and tlie posteiioi poition of the meatus, 
auditory canal and tvnipanic nieinbiane This small inteivening aiea, I 
believe, contains the somatic oi auiiculai repiesentations of the genicu- 
late, glossophaijngeal and vagal ganglia 



Fig 10 — Within dotted lines lies the 'completely delimited aiea of the 
auiicular biaiich of the vagus” detei mined expei imentally for the macaque (Sliei 
rington ) 


Sheri iiigton® has succeeded in denionstiating the existence of a similai 
area in inonke 3 ^s by the expei imeutal method of “remaining esthesia ” 
His desciiption of this field is in part as folloivs (Fig 10) 

The field has been completely delimited in two expei iments only, the opeiation 
lequired foi levealing it is somewhat seveie Lying, as the small field does, 
wedged in hetveen the laige fields of the fifth ciaiiial and the thud ceiiical, and, 
as it veie, imbedded in the inteiioi pait of the field of the second ceivical it is, 
in 01 del to isolate it, necessaiy to sevei the fifth cianial at its origin, and also 
the highest tliiee ceivical nerves inside the veitebnl canal When this has been 
successfully accomplished, a patch of esthetic skin is easily demonstiable on the 
eai It includes ,uid immediately suirounds the external auditoiy meatus Its 
shape and size, in the expei imeiit earned out on it, weie almost identical It 
takes in piactically the whole of the concha, the antitragus, pait of the tiagus 
and pait of the antihelix, also pait of the fossa of the antihelix Its limits can 
be better realized fiom the figuie than fiom veibal description The suiface inside 
the exteinal auditoi 3 ^ meatus vas sensitive in mj expei iments as fai inn aid as 
could be tested vith an oidinaij' piobe 

6 Sheri iiigton, C S Expei iments in Examination of the Peiipheial lbs 
tiibution of the Fibeis of the Poster lor Eoots of Some Spinal Nerves, Phil Ti 
Roj'al Soe of London, Senes B, 1898, cxc, 64 
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The dissection method theiefoie shows 'that the fifth is concerned iii 
the innervation of the anteiior portions of the tympanic membrane, evtei- 
nal auditory canal and meatus, and the vagus, in the innervation of the 
posterior portion of the tympanic membrane and auditory canal, together 
with a strip on the poster omesial surface of the auricle The evact boun- 
daries of their respective distribution within the canal is still a matter 
of disjmte 

This leaves the conelia, tip ot the antitragus, a portion of the anti- 
heli\, and the fossa of the antihelix still unaccounted for, and the mnei- 
ration of this area I believe to be related in part to the geniculate 
ganglion of the seventh 


rSMBRYOLOGY 

Developmental studies in the human embryo and the lower forms of 
life have contributed very largely to our knowledge of the morphology of 
the Cl aural nerves, then origin and distribution In the light of these 
investigations, the seventh, iiiutli and tenth nerves are to be regarded as 
branchial nerves, which in the lower reitebiate forms stand nr immediate 
relation to their respective visceial clefts and aiches The seventh is the 
nerve of the fiist visceral cleft From this cleft and its adjacent aiches 
are developed the stiuctuies of the evteinal ear, the tjunpanic membiane 
closing and separating it from the first visceral pouch The anterior oi 
mandibular arch lies within the area of the tiigeminus, and gives use to 
the tragus and the crura of the antihelix of the adult ear, which is nr 
accord with Cushing’s studies and the results of the dissection method 
(Fig 11) 

The posterior, or hyoid, arch is innervated by the facial sj^stem From 
this arch are developed the auricular tubercles of the antitiagus, antitheliv 
and the lobule As the concha amis and external auditory canal are 
similarly related to the first visceral cleft, thej^ too may be regarded as 
falling in part within the area of innervation of the seventh nerve 

(Pig IS) , 1 . 

The auricular branch of the vagus is considered bj'’ some embryologists 
to be a remnant of the so-called lateral line (ramus lateralis), and has 
been traced as far forward as the first visceral cleft, wliere, as we have 
seen, dissection method has shown it to be partly distributed (auditoiy 
canal) 

Embiyolog}^, therefoie, shows that the tragus and crura of the antilie ix 
are situated ivithin the area of the trigeminus, the antitiagus, lobule, 
antihelix', concha, and part of the auditory canal, within the area of the 
facial The aunculai branch of the vagus may be tia-cd anteriorly into 
the first visceral cleft 
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These ^a^ons anatomical facts, imn he ^iimman/ed ns follow 
Tlieie exists on the aniicle a enlniieoiis /one which is indejicndcnl of 
the tiigeminal and ceivical inneivaiion of this siincinie This aica is 
mnenated by tibcis aii‘=ing fiom the gcnicnlnte gaii^linn of tlie se\ciilli. 
the petioiis ganglion oC the ninih, and ihe iiisiilai rraiiirlion of the leiith 
It appeals piobable lioin the d^M'dioii nietliod tlial the aiiiiciilai b’aneli 
of the^agns, which al«o includes ihe auiienlai liiamii of the gloec^ophai \n- 
geal, paiticipates in the innenation of the poeienoi poilioii of the Imii- 
pannin and anditon canal. io£ceihei willi a «tnp on the po^leiome‘-ia] 
sniface of the amide and adjacent inaMoid 



log il KoJ.ilion of llie .inditon tulicKlcs uf llio inaiidilailai aicli to llie 
tiigeniinal field, in an einbi>o of foui week'; (-\f(pi Cushing ) 

It also appeals piobable tliai the condia, antihclix, fossa of the anti- 
helix, antitiagus^ mcisuia intei ti agica, and a poition of the lobnle aic in 
part mneivated by the geniculate ganglion, the scnsoi) fibeis of wdiicli 
couise in the tiunk of ihe seventh, piobably leaching the cxtcinal sniface 
of the auiiclo wath the blanches supplying the minute muscles of the 
external eai In this lelation one mnsi considei, how^evei , the anastomoses 
yhich take place betw^een ihe seven ili, ninth and tenth nones 
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This scnsoiy miioivation of the fecal lecc.ves a ftutliei couoboiat.o.i 
fiom its cleTelopmeiita! lelation to the fust visceial cleft and the amiciilaj 
tubeicles of the postenoi oi hyoid aicli I belieie, tlieiefoie tliat the 
ganglion of the seieiilh iieive has a lepiescntation on the c\teinal eai 
between the aoiies of the Gasseiiaii and ceivical ganglia, also that the 



Fig 12 — Sketches showing the development of the paits of tJie evteiml eai 
ironi piominences on the mandibulai and hj'oid aiches (His) Vaiionslv niagni 
fied A, embiyo at the end of the fiist month, B, embij'o of thiit 3 ^five daj's C, 
embij'o of thiit^^ eiglit days, D, erabijm at the end of the second month 1, tnbei 
culum tragicum, 2, tubeiciiluin anteiius hehcis, 3 , tubeiculuin intei medium 
helicis, 3c and c, cauda hehcis, 4, tubeiculuin antihehcis, 5, tubei culum anti 
tiagicum, 6, tubei culum lobulaie, L, in A, auditoij' vesicle, K, lonoi jaw 


ganglia of the glossophaiyngeal and vagns aie lejnesented in pait on the 
posteiioi poition of the t3anpaniini and anditoij'' canal, as nell as on the 
posteiioi mesial siiiface of tlie auiicle and adjacent mastoid legion 
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The lieipc^ /oslei iiiethorl of delei minniLr iho icjne^eiitntion of 

spinal saiigha ha‘- been U'-ed ‘^ucce^-fulli hi Ilenn IIcMd and hi« eollab- 
oiatois that I need no! diKdl on mam adianiaires a^- a means oi 
asceitammg the ^en^son /one*^ of <^mali and Ob'-due irandia like tbo‘-e 
iiiidei consideiation nliidi aie aKo of the '-pinal 1 ^po 11 n len CMdent 
that a stiidi ol tho-o (.I'-i"- of line hei pe" /fj-lei in niiuli (he eiuplion 
confined to tlie aniiddai aiea in <pie'-linn would fiiini-h e\ idenee of fun- 
damental inipoilaiKC in cle.iiini: up (In'- •'Ulned W illi tlii^ end in \ lew 
I haie anah/ed iwentN-Hnen (.i-e- of (me beipes /o-iei o(i<n- in whuli 
tl'c eini'tne manile^tation- weie iimUed !o ‘-mall aiea- on lh(> e\leinal 
eai These I helieie aie dependeni on heipelie inllammalioii- (jin— 
teiioi polioiinclili'') in one oi moie ol (he (liiee irainrlia lejiie'-eided m 
this aiea . the genu ulate irlo--vo|ibni \ neeal and lacrn- In (i\e oi (he-e 
ca=es the le^icle^; weie loeali/inl (Mlliei rm (he (\m|ianii iiieiiibiain* alone 
01 iijion the po'sleiioi wall ol (he audilon <anal In Coui ol (he (a'e= 
thei iieie =iiiiaied on (he ])o<leiome-i.il ^uila((‘ n| the aiiiule and .idja- 
eent ina'-toid letnnn It will be ob-eued (bat (he loiali/ation of (be 
ie=icle= 111 both ol the^e looii])- eoin“-j)ond in (hen di'-ti ibul ion (o the 
auiiciilai blanche- of (he juuiil.ii iranirlion ol (he \agu- I'oi lea-on- 
alieadi stated it i- jiiobable dial the iiaiiirlion of (be nindi ma\ .il-o be 
coiiCGiiied ill then inodiiciion 

In eighteen ot the ca‘-e« (be (‘lUjition wa‘- di-ti ibutc'd in wlial 1 leiraid 
in pait ac the genicuhite aicM on du‘ exlein.il e.ii i c* (he e\(einal 
meatii'! concha (lagu*-. aniiliagu- .in(iheli\ .ind fo— a of the antihcli\ 
and the nppei jioition of the external -ui f.ue of the lobule 'Plus lejiie- 
sentatioii of the geniculate on the external eai i- (oiioboiated b\ the 
occasional piesence of hijie-tliesia in die legion oj the cone ha in cases of 
recent peiipheial tacial jial-i 

Fioin the ‘dieijics /ostei evidence 1 believe tli.it we aie ni-liiied in 
chawing tlie following conclusions 'Pine heijies /osfei olicus is dejicn 
dent on a posteiioi polioimelitis of the geniculate glossopbaivncrcal oi 
lagal ganglia Tlie gangli.i ol the tenth .uid (he ganglia oi the ninth aie 
lepiesented in pait on the jiosteiioi jioition of the (vnijianie membiane 
and auditoi^ canal, as xvell as on tlie posleioiiicsial suifacc ol the auiicle 
and adjacent mastoid legioii 

The zostei zone of the geniculate ganglion is lepiosentcd on the 
external suiface of the auiiclo, inteicalated between the zone of tlie 
higeininns in fiont and the ceivKal ganglia hcliind Fiom the i elation 


10 Hunt, T Ramsav 'the Soiisoiv of llie Facial Keivc and Its Svmp- 

tomatologv, .Tout Xen and Jlent Dis HlOO \\\vi 321 
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which the facial beais to the fiist visceial cleft (the aiiditoiy canal) it is 
veiy piobahle that the zone of the geniculate dips into the auditoiy canal 
as far foiwaid as the tympanic membiane, in the same manner as do 
the auditoiy stiips of the tiigeminus and glossophaiyngeal-vagus 

As I have alieady indicated, a consideiable allowance must be made 
in these zones, as I have outlined them, for anatomical anomalies of vaiious 
kinds, and for the noimal ph} siologieal variation and oveilap of sensory 
aieas Fuitheiinoie, these sensoiy aieas are small and, like the minute 
muscles of the e\teinal ear, must be regarded as moie or less vestigial 
in eharaetei In other woids, as lemnants of sensory zones, which aie 
gradually fading away undei tlie oveilap of Jaigei and moie impoitant 
sensor}'- systems 

3 THE PARALYTIC COMPLICATIONS OF HERPES ZOSTER OTIGTJS 

In cases of heiiies zostei oticus, facial j)aial3sis and auditoiy symptoms 
may accompany oi follon the eiuption The face on the affected side 
maj be paialyzed without symptoms lefeiable to the auditory neive, audi- 
tory symptoms also may occui without facial palsy 

Among the twenty-seven cases of my senes with heipes oticus, facial 
and auditoiy symptoms veie both piesent m six cases Facial palsy 
occuried alone in six, and auditory symptoms in thiee cases The facial 
paialysis was alvays complete, mvolving all thiee branches, while the 
auditoiy symptoms varied in intensity from hypacnsis with tinnitus 
auiiuni to the seveiei manifestations of Menieie’s syndiome The geneial 
constitutional reaction was in the greatei numbei of cases a very trivial 
one In some, howevei, there was considerable piostiation, accompanied 
by headache, rigidity of the neck, Avith nausea and vomiting Nausea 
and vomiting weie so seveie and persistent in some instances, as to sug- 
gest a disturbance of the vagus nerve, which was fuithei confirmed by 
the associated bradycaidia 

This group IS of such unusual clinical inteiest, that I append the 
abstracts of some veiy t}pical cases 

Case 10 — Herpes Zoster Oticus, with Vomiting and Biadycardia — (Obseiva- 
tion by Buys“) A girl, aged 17 Onset with headache and vomiting Hecadaclie 
A'ery severe and accompanied by stiffness of the neck, frequent vomiting and 
photophobia No fevei, no deliiium Pulse Avas sIoav and iriegulai , on the fourth 
day, the pain subsided someAvhat and settled in the mastoid legion of the iigi 
side Hearing AAas diminished and the auditoiy canal Ai'as tender on the introduc 
tion of the otoscope The next day an eiuption of herpes appeared on the anti- 
tragus and lobule of the light ear The day folloAving this a fiesh crop of vesicles 

11 Buj's Eruption herpetique du pavilion. Bull Soc beige d’otol , laijngol 
et rhinol , 1898 
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appealed on the internal face of the lobule and pinna In the couisc of a few da-ss 
the pain subsided and hcaiing uas icstoied All tiaces of tlio eiiiption disap- 
peaied m fifteen da'^s 

Gommcni — Hiis case is note\^Olth^ because of tlie distiibution of the ciuption 
m the zonal aieas of the genieulalc and ^agal ganglia, and because of the asso- 
ciated biadjcaidia nitli fierjiient loiniting, suggesting a distuibance of the func- 
tions of the lagus 

The following obseiMition b} Mignon,’- is of inieiest, as the eiuplion 
coiiesponcls to the auiiculai distiibiition of the \agiis none Thcie was 
an aosociated deafness but no SMnptoin« of \agns nutation aic lecoidcd 

Case 11 — Patient, a noinan, onset Januaii 3 uith scicie pains in the left 
eai, posteiioi suiface of the auiicle, and the mastoid icgion Fe\oi and malaise 
Two dais latei tinnitus iii llie left cai and deafness with heipelic icsicles situ- 
ated on the oiitoi Hind of the aiiditon canal 'J lie pinna was congested, as was 
also the skin oicr the mastoid I lie next dav hcipetic lesicles wcic noted on the 
mastoid and the posteio intcinal suiface of the aniiclc iMiipanic mcmbianc noi- 
nial The deafness on the left side was of the nenoiis Hpc. accompanied bj sc\cic 
tinnitus No lustagnnis no ^omltIng. no •\oitigo, no signs of facial pals^ In a 
foitiiight the healing had impio\cd considciabh ami at the end of a montli was 
eiitiieh noinial 

Case 12 — Hopes Zo<,lc) Oiicu9 lutfJi ScioUJi Xo i c tiidifon; find ^ ac/iis 

Sympioms — (Ohscnation by llammersclilag Man aged 25 OiiJiih 7 cvposuie 
to cold, while o\ci heated the next morning a soie tin oat which inci cased din- 
ing the daj and contimied foi fno da^s On Jiih 17, the soicncss of the tin oat 
had disappeared but ^onll{nlg sot in and peisj«tcd dining the da^ 'J lie \onntiiig 
occuiied without ictching, and immcdiatel\ aftci the ingestion of food Jiih 10 
he was able to letnni milk in small quantities On tins (la^ tlicic appealed sudden 
sliaip pains in the light cai, ladiatnig tlnough the whole side of the head At 
the same time theie was a weakness of tlie iigiit side of the face and seveic ^cl 
tigo, aggiavaled hj iiio\einenls of the head I'loin tins time the patient had to bo 
assisted in walking, owing to tlic distuihanccs of cquihbinim and a tendencA to 
fall to the left On July 20, \onnting again set in, and e\on tlic sliglitcst nouiish- 
ment was i ejected On Jiilj 25 the icspii alien was legular and deep, twent> to 
the minute, pulse ficqucnc\, <18 LaiMigological and i Jniiological examinations 
W’eie negative Julj 27, thcic is still \oitigo am! ^omItlng Pupils aie noinial, ins- 
tagmus in the extienie position Pain sense is dimnnsliod on iiglit face in tiigein- 
iiial aiea, coineal and conjunctival icllcxes aie diminished on the iiglit also, the 
auditoiy canal letlex diminished on tlie light Points of exit of tlie fifth nene aie 
tendei There is light facial pals\ Iniicivation of palate noinial, taste sense is 
diminished on the 1 ight Oeai scciotiou is piesent Pulse is 72 and legulai July 28, 
The left tympanum is noinial tlie light is concealed In dusting powxlei In the 
auditoiy canal, especially at the entianco, theic aie scveial small scabs and in the 
cymha conchse a small scai , these aie the lemains of an eiuption of heipes /ostci 
The heanng is diminished on the light side and is of tlie noive tjpe Acninctei , 
left side, 12 meteis, iiglit side, 75 cm , hone conduction lieaid only on tlic left 
Wehei’s test lateiali/es to the left Eycgiounds aie noinial Dining the last few 
days, the above symptoms have diminished in intensity 

12 Mignon Zona otique, P.iill dc laiyngol, otol , et ihinol, 1909, xii, 19G 

13 Hammeischlag Die ihenmatische Affectionen dei Gehoineiven , Aich f 
Ohrenh , 1901, In, 7 
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August 4 Acumetei on the light side, 1 ni , 30 cm Slight facial weak 
ness IS still appaient and the taste is still dmiiiiished on the light Gait mac 
ticalh noinial Sensation of face slightly lv> pesthetic The auditoiy canal leflex 
still diniinished Theie is tinnitus am mm, the light side of the face shows 
aimiinsnecl laiadic 'with nonnal galvaino i espoused 


Case 13— 77cipcs Zo<!lc, Olwits wilh Facial Palsy ami Amhtoiy Symptoms-^ 
(Obseivation Ilainiiiei schlag >■•) Man, aged 32 On Mai eh 14 , uhile the patient 
Mas Malking in a snoustoim nghl side of the face ivas evposed to seveie cold 
File da>s latei theie iioie chills and on Maich 20, onset ivith vomiting and vei- 
tigo — objects lotating fioni light to left 

On the niouiing of the 20th, on auaking, patient had a headache and seieie 
pains 111 the light eai accompanied by loaiing sounds A ueakness of the light 
side of the face u is also appaient The pain ladiated to the foiehead, eye and'" to 
the teeth of the uppei and loiici jaw Sensation of the light side of the face was 
diminished Maich 22, tlie teai secietion was ibscnt on the right side, there w'as 
a light facial palsi, and instigmus followed latcial movements In the fossa of 
the lieli\ on the lobe of the eai and on the tiagiis, theie was an eiuptioii of herpes 
zostei Theie wcie no losicles within the auditou canal Heai mg was diminished 
on the light, the watch tick at 35 cm not heaid on the mastoid Theie was con 
sideiable distiii bailee of the cquilibiium both in standing and walking The gums, 
aboie and below on the light side, weie a little swollen The conjunctival iefle\ 
was absent on the light Sensation of taste was lost on the right 

Maich 31, face was iiiipioitd Healing on the light was 40 cm by wmtcli, bone 
conduction foi watch, still absent 

Apiil 1, theie was still leitigo and tinnitus, teai secretion noinial 
Apiil 3, tinnitus in the light, and occasional shooting pains Bone conduction 
had impiovod 

Apiil 5, taste impioved 

Apiil 25, patient complained of cold sensation in the head and constant tin- 
nitus 111 the eai The uppei biancli of the seventh show^ed inipi ovement, none of 
the low'd blanch The gait was much bettei The bone conduction on the light 
was absent, the w'atcli was lieaid oiilj on contact, foi seveial days past there had 
been diplacusis on the light side, and a disagieeable sensation was pioduced by 
musical tones 


Case 14 — Obseivation by Hewanann A man, aged 44 Onset watli pains in 
the right eai and occipital legioii, accompanied by vomiting and objective vertigo 
Tw'o daj s latei, heipetic vesicles appealed in the evteinal auditoiy canal The 
ne\t day theie was facial palsy, the pulse was slow', the tempeiatuie 38 8 C Ihe 
auricle was led on its supeiioi portion and the skin w'as thickened Function.al 
tests show'ed complete deafness to foik and voice in the light eai The vestibulai 
appaiatus was inexcitable At the end of thiee w'eeks the vestibulai appaiatus 
still W'as inexcitable, and absolute deafiess with facial palsy peisisted The case 
W'as presented as one of rheumatismal ceiebial poljneuiitis 


Jl THE ZOSTER ZONES OF THE GLflSSOPHARYNOEAL AND VAGAL 
GANGLIA MITHIN THE BUCCAL CAVITY 

The glossophaiyngeal neive has tw'o ganglia situated on its loot, the 
ganglion petrosiim (Andersch), and a small accessory ganglion, the 
ganglion of Ehieniittei, both aie homologues of the spinal ganglia, are 

14 Hammerschlag Beitiag zui Casuistik dei multiplen Hirnnei ven Eikian 
kungen, Aich f Ohieiih, 1898, xlv, 1 
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composed of n^jpoLii cell‘5. niid tboiofoic ])e]oiig to the gaiipboiiic chnin 
which IS liable to the specific niflamiiiation of zona (Fig 13) These 
ganglia lia\c a seiisoi\ icpic^entation on the aniicle and also an intra- 
oial zone situated on the postoio-lateial <=111 face of tlie tongue the pillai^ 
of the fauces, tonsil and the ad]accnt phaninreal legion 

The pneiinioga<?iiic nenc has aFo two mot ganglia the gandion 
jiigiilaie and the ganglion plexifoiine (Fig 13) 3’hc colls of the=:e 
ganglia aie also of the nnipolai 01 <?pinal tijie The ploMloim ganglion 
IS situated extiacianialh and is pcciiliai in that it is composed of a 
senes of small scatteied gnoiips of celF whicli piodnce an elongated swell- 
ing of the nei\e ti link ahoiit Id nini m extent This jilexifoiin aiiange- 
meut IS caused In the entiance into the tiiink of the lagiis of the intei- 



Fjg 13— Ihe gaiiglui of Dk* nnitli .ukI jioj\c= «jk1 then aunciilai 

blanches (1) spinal accesson nei\o, (2) glossojiliai \ ngoal none {2') ganglion 
ofAndeisch, (3) lagnsnene, (3') ganglion jiiguiaie (1) facial H') nniiciilai 
blanch of facial, (5) aiiiiculai blanch of \agus, (0) anastomosis between the 
amiculai blanches of the facial and vagus neiics (’Jestni's Anatonn ) 

nal blanches of the accessoiius neixc sometinios called the ovtciiial 01 
motoi loot of the vagus Jt is iinpoit.ini to note that these niotoi fibers 
of the accessoiy neive destined foi the nmsclos of the lai’^nx, entei the 
vagus below" the ]ngiilai ganglion, as a descending senes of small 
blanches Tins moiphological distnlmtion may explain the appaient 

absence of laiyngeal palsies in posteiioi poliomyelitis of the vagal 
ganglia 

In addition to an aiiiiciilai lepiesentation, on the tympanum, auditoiy 
canal, and posteiomesial suilace of the auiiclc, tliese ganglia have also 
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an intra-oral zone situated on the loot of the tongue, the structures at the 
entiance to the lai3'n\, and the adjacent phar3ngeal region (Hig 14) 

It ina3^ he lemaiked that these respective sensory areas of the glosso- 
pharyngeal and vagus neives within the month cavity aie by no means 
definite^ deteiniined, and there is also eieiy reason to believe that a con- 
siderable variation and overlapping exists 

In discussing the zoster zones of the auricle, I stated that a separation 
of the glossophanngeal and vagus representations is impossible, as the 



Fig 14 — Sensoij'^ inncivation of the tongue (aftei Zander) The lingual dis 
tnbution is indicated hy tiansveise lines, the glossopharyngeal hy oblique lines and 
that of the pneuinogastiic by dots 


aunculai branch of the ninth joins the auiiculai branch of the tenth soon 
after leaving the ganglia Then respective cutaneous destinations are 
therefore nnlcnown and must be considered together 

In the posterior recesses of the buccal cavity, where these ganglia are 
also represented, this is not the case, and the ""dissection method” gives 
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a vei}^ fan idea of tlion le'^peclnc imicon*^ nicinbiane di^^iiibiition^ An 
exception to this in the nppci phnnin nheic ilic \a])ons pbannecnl 
blanches aie lost in tlie ina/e^^ of tlie phanngenl plexus 

The glossophaiMiceal none accoiding to the be«t anatomical anthoii- 
ties, sends lilanients to the niiieon>^ membinne ro\ciing the posieiioi 
luaigin of the soft palate the anteiioi and po‘'ieiioi pi]lni« of the phannx 
the tonsil, the po^toiolatoial ‘^ni late of the ba'^e of the toinrne also to the 
phai 3 mgeal plexus 



Fjg 15- -Posteijoi Iniiils of tlio iiiliabuceal field of tiio tngcnmnis, aflei 
ex irpation of the Gasseiian ganglion (Ilaixev Cushing ) 

Ifrom the vagus neive sensoi)’’ filaments pa^-s to the mucous memhianc 
coveiing the epiglottis, aijTenoid enunenccs, and tiie anteno-opiglottidean 
olds, also to a wedge-shaped aica at the base of the tongue, situated 
jmmediately m fiont of the epiglottis (Fig 3-1) The vagus also sends 
blanches to the phaiyngeal plexus 
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The intia-oial zone of the ghssophai ] ngenl is theiefoie inteicalatec] 
between the tiigeminiis in fiont and the vagus behind, and coiiesponds 
loughly to a seniilunai stiip passing from the posteiioi margin of the 
soft palate ovei the pillais of the fauces, the tonsils, and the posteiolateial 
sill face of the tongue, including also an unknown aiea of the uppei 
phai3nx (Figs 14 and 15 ) 

The mtia-oial zone of the lagiis is situated nioie posteiioilj'^ and coi- 
iesponds to a small wedge-shaped stiip at the base of the tongue, which is 
continued orei the epiglottis, aiyteno-epiglottidean folds and the aiyte- 
noids, including also an unknown lepiesentation in the uppei pliai3m\ 

It will be ob'^eived that both the ninth and tenth neives give off 
blanches vliich unite witli the S3'mpathetic to foim the phai3mgeal plexus 
Then lespectne distiihutions m this legion aie unknown and must be 
consideied togethei 

HERPES ZOSTER PIIARYK-QIS AND HERPES ZOSTER LARTNGIS 

Lai3aigologists have lecognized foi many 3^eai'! the occuiienee of 
heipes zostei on the phai3n\ and on the ]ai3aix In the lathei volumin- 
ous liteiatuie of this subject, these cases aie laiiously described as herpes 
phaiyngis, heipes gutteialis, angina hcipetica. and the heipes laryngis 
The eases may he shaiplv divided into two distinct groups, one a 
pseudoherpes, the othei a tine heiiies or zona In the latter gioiip of 
cases, the eiuption is unilateial and coriesiionds to a definite neural 
distiibution , while in pseudo heipes, the eruption is not a zona in the 
true sense of that teiin, the appeaiance of an eiuption being produced 
b3'’ closuie of the glandular duets ivith retention of then secretion 

In such cases the eiuption is bilateral and disseminated, and 1= 
commoul3'- distributed ovei the soft palate, uvula, phai3mx, epiglottis, 
ai 34 enoid cartilages, and ai3deno-epiglottidean folds There is also usu- 
all3'^ a considerable degree of inflammation, with edema of the mucous 
membiaiie, and the d3^s2fiiagia and d3'spnea aie often extreme 

The pseudo-heipes I haie entirely excluded, and will confine m3 
lemaiks to the pure cases of unilateial heipes of the jiharjmx and lar3mx 
These cases eompaied with the othei varieties aie infiequent, but T 
believe less so than might be inferred fioin a peiusal of the liteiatuie 
The constitutional s3niptoins are often veiy slight and the eruption pai- 
ticulaily evanescent on mucous surfaces, the vesicles breaking down 
lapidlj^ undBi the heat and inoistiiie of the month, leaving small v Intis i 
01 yellowish flecks veiy unlike our usual conception of an heipetic 
eruption Foi this reason they may leadily be overlooked, or their lea 
natuie not detected 
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Anothei soiiice of eiioi i? the small aiea of the zostci 7 onc^ and 
then inacces'sibilih I ie”:aid it a« Aen piobahle rhat mam acute 
imilateial palsies oi the lace palate and e\cn the lann\, cominsj on aftei 
exposiue to cold, and called “iheumatic. ’ belong in this gioiip the 
paiahtic sMiiptoms follow imr hoipctic inflammation of tlieii lespectne 
ganslia This i« piohabl} al«o tiiie of similai ca'jcs of ob^^ciiie toxic 
origin 

5 TBB COBPLICiTIOYH OF llFIiPEF ZO^TFli PIURVyOIB l^D 

L [in Mils 

THE rVHVLXTIC COAII'LIC VI lOVs. 01 HI HI’LS /OS I’LU PHVIJXXGIS 

Most «^stenlatlc wiitei^ in tlieii de'-m))tion‘? ol licipe^^ /ostei phann- 
gis, iiieiitioii paia]\«i« oi the palate a^? an ocia'^ional complication Eich- 
lioisE^ states; that in heijics; phaniiiris with nnilateial eniption paticnt‘' 
often complain ol a con bad ta^^te «en«ation in the allected icgion. and 
111 one case he ob^oned jiaiahsi^ of the jialate In anothei ca^^e the 
eniption had a nnilateial dnli ibution on the po^teiioi «\ii face ol the 
iiMila and wa« imble onh with the lai \ ngosiojie Di Kadoic Ahia- 
hanison”" «aw in Ojijienheim " (linn in Beilin a ca^-o ol nnilateial heipes 
zostei phanngn the eniption Mtnaled on the toiml and poMeiioi maigin 
of the ^oft palate in which theie wa« an a'^'^ociated lacial paial^sn on 
the coiiesponding «ide 

In two of ni\ ca^e*? ol heipc'- otuin with iad.il paKc thcie was an 
associated paialc'^n ol the ‘•oil jialate on the allected «k 1 c Jt ‘'Cems to me 
piobahle that ‘^uch palatal complication ma\ be due to an inllammatoi \ 
reaction in the glo^-eophanngeal oi \agal ganglia, earning this slight 
defect in the innenation Should thn be ceiitied in a ‘'iillicient niimbei 
of cases, it mac thiow an imjioitant side-lmht on that mneh-mooted 
question ol the iniohemeiit ol the ''Oit jial.ite in Bell's palsc 

Case 15 — Ileipcs Zositi PIku i/nqn iiith Fadul Pahtj and Paicfd of IJic Soft 
Palate — (Pei^-onal obsenatioji ) A man .ifiui 21, t.viloi, no vcneieal o\- 

eessne cigaiette sinokci foi some* cc.iis Onset Mondac Jan 10, I'llO, witlj pain 
in the left side of the tin oat Foi one week pieMonsp he had not felt well, had 
headaches, chilh sensations and malaise J he pain and soieness in the left side of 
the till oat continued witii incieasin^ sc\eul\ on 'J uesdac , Wednesday and 'Jhuis- 
daj of the same week On Sundae lanune 10, theie deeclojied a left facial palse , 
at the same time theie was consideiable pain in tlie left eai and mastoid icgion, 
no auditoij symptoms, no nausea oi eomiting 

On examination, Januaiv 17, at the C'oinell Xeuiological Clinic, the patient 
complained of gieat soieness of the tin oat and pain chieth on the left side, with 

15 Eichhoist, H Specielle Patholog le und Iheiapie (Ileipes Phanngis), 
1897, IV, 2G8 

IG Peisonal conimiinication 
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dilliculty of deglutition^ also shaip pains in the left eai and i. n. 

ladiating to the temple and the occiput Ihere was complete left'facial vSsv’ 
l.ean„g no.mal s.gn, of hope, about tbo face, ucck, auuolo o. Ll“o,y 
Laiyngoscopic examination! Cornell Clinic) sho^^ed tliat the uvula 


mously swollen and edematous, and could be inspecteronirby bem<r"broSitT[' 

of the tongue, bj' means of a probe A few herpetic 
vesicles weie visible on its left side, as well as ilong the left anterioi pillai of the 
fauces Ihe tonsils weio not enlaiged and not inflamed The posteiior pharvnx 
was congested The entiance to the lai3nx vas noimal and no heipetic vesicles 
weie demonstiable A suollen and tendei gland was palpable, beneath the left 
angle of the jaw 

Jan 18, 1910 Laiyngoscopic examination by Professoi Ne^vcomb The edema 
and svelling of the inula still gieat but diminishing In the left faucial region, 
along the anteiioi pillai, small lound eiosions weie visible Laiynx was normal* 
and flee fiom heipes oi eiosions ’ 

Januaiy 19 Pain was still sevcie in the left side of the throat, ear and mas 
toid legion Otological examination vas negative The innervation of the soft 
palate appealed iioimal Icai secietion ins inci eased in tlie left side (oil of mus 
taid) Pulse late was 90, heart sounds noimal Sensation of the face and ear 
weio noiinal 

Januaiv 20 Constant pain in the left eai and mastoid Slight tinnitus, not 
constant Ileaiing noimal Left facial palsj' was complete 

Januaiy 21 Sense of taste was pieseiied on the left side of the tongue in 
both the tiigeminal and glossophai vngeal distribution it was somewhat delayed 
in the trigeminal aiea, liowcvoi Swelling of the uvula uas diminishing Innerva- 
tion of the palate appeared noimal 

Januaiy 24 Inspection of the soft palate levealed a definite dioop of the left 
palatal aicli, and on inneivation a definite defect was noted on the left, the palate 
was lifted up and towaid the light A few small eiosions -were still present along 
the left anterioi pillai and adjacent tonsillar region, and theie ivas a burning 
sensation in this region aftci taking food Sensation of the palate was equal on 
the two sides, and the palatal leflexes weie piesent The sensations of touch and 
taste in the glossophai yngeal distiibution of the tongue weie noimal 

Febiuaiy 4 Slight poiiei was letuiniiig to the left side of the face Still 
pain in the left eai , pulse was 98 and legulai 

Febiuaiy 7 Pams in left eai, ladiating to mastoid, occiput and temple Past 
few days patient had expeiienced a sensitiveness to loud sounds in the left ear 
Slight difficulty in deglutition Paresis of the left side of the soft palate still 
present, the raphe deviated from the median line toward the light Facial palsy 
was impioving Pulse i ate 102 

Febiuary 16 Pains in the eai still piesent, pulse 100 
February 18 Pulse 106 

Maich 4 Pulse 78 Weakness of the left side of palate still present, but 
impioving Inneivation of left face ivas much bettei 

March 20 Patient was fiee fi om pain Only slight defect in tlie inneivation 
of the left side of palate was demonstrable Movements of tlie face on the left si e 
piactically normal Pulse 78 Patient discharged and retuined to his occupation 
The treatment consisted solely of analgesics foi the lelief of pain and galvanism 
Comment— This case is of unusual interest because of the coexistence of facial 
palsy, paresis of the soft palate and heipes pbaryngis The herpetic ^ 

distiibuted on the left side of the uvula and along the anterioi pillai «i« 
i e, within the intia oial repi esentation of the glossophai vngeal " 

facial palsy appeared on the sixth day and the defect in the inneivation of the 
sMTpaffiW the end of the second week The pains were of unusual seventy and 
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peisisted foi a consideiablc tniie 9 Jiev «oio loeah/ed in tha left «ido of the lliioat 
and the left eai f he pulse i.ile •n.is high dunng tlie nclnc pound of the disease 
Theie nas no hiccoutrh nausea oi \oimiing he patient liad indulged excessnely 
in the use of cigaiottes foi a nuinhci ot \eais so ihai the taclncaidia lna^ haAe 
had this etiology T do not bolie\c howeiei thal invohcnient of the pncuino- 
aastiic can he enliieh o\cluded I nould intcrpiel the case as one of postciior 
pohonuielitis nnohing the glossophai \ ngeal and geniculate ganglion^' 

In the following case iccoidccl 1)\ TiaMiaudd" theie weie associated 
heipes phanngis oticns and facialis v lih facial pals^ deafness, and 
abducens paial^sis 

Case 16 — A MOinan aged .12 sudden onset Ara\ 2 1S7.1 \Mth fc^el and 
angina On Ma\ 6 still fc\ei deglutition juinful and ditheult Evannnation of 
the till oat 1 Cl c lied an heipetic duption limited to the left half the soft palate and 
the antenoi pillai of the same side On M.n 7, soieial })1 upies of lesieles ap- 
pealed on the left anncle also i few \(«i<les on the left side of the f lee Otlici 
lesiclos weie situated on the conch i .iiid in the .indiloi\ (anal On ]Ma\ .S theie 
was a left facial pals\ with heini.ine-thesia of the left side of the face .ilso a 
small \esicle on the conpinctn i pist ato\e the eoinea ilioio was a)co a distinct 
paialvsis of the left cxtcinal lectus and ihsolute deafness on the left skIc Fioni 
tins time the svniptonis leniaiiicd statmiian hut l.itei the .ihdiiccns pals\ disap- 
peaied and sensation letuincd to the left sid<. of the f ice 'i he heipcs disappcaied 
ill tweho da>s, hut the facial pils\ peisi^-tcd with disappeai.incc of the elcctio 
musculai contiactilitA 

Comment — 'J liis is the onh case among the eighl\ s(\en of iin senes, in which 
mention is made of an oculai j>als\ in comhm.ition with facial paiahsis oi acoustic 
s\mptoms 

Case 17 — Ohsonation h\ (Jiune.in’" A woman aged 12 .‘sudden onset with 
fe\ei headache, soie tliioat .ind modeiate (hspliagi.i A few lionis latei scieie 
lancinating pains with tinnitus annum in the left eu Kvamination showed an 
heipetic eiuplion on the left tonsil, left side nf tiu* pal.itc .iiid innla none on the 
laijnv llie aunclc .ind .luditon cinal weic fiee fiom einption, hut two aosicIcs 
weie seen situated on the posionoi pait of the tMiipanic niomhiane 'Jlicic was 
also a heipes labialis 

Comment — In this c.isc the ciuption in the eai and tin oat is situated within 
the somatic and splaiiclunc /ones of the glossophai \ ngeal ganglia 


'A few' dajs ago I s.iw a case of Jlti/xs Zoslei Otiaa and Plim i/nr/is, leith 
Facial Palsy, IJypoacou^ts, and Jiiadi/caidta llnongli the conilesi of Di Chailes 
H Peck 'Jhe eiuption was distnhnled in the exteinal auditoiy canal, the concha, 
antiheh\, and the fossa of the nntilicliv of the light cai ('J'ampanum fiee ) In 
addition theie weie heipetic vesicles and eiosions limited to the light side of the 
soft palate The postenoi half of (he doisnm of the tongue on the nghi side was 
also led and sw’ollen, iiinenation of palate noimal Sensation w'as dimiiiislicd 
on the entile light side of the face head and neck Right conical icflov was 
absent Heipetic pains w’eie scveie Diagnosis Postenoi poliomyelitis of the 
geniculate and glossophai yngeal ganglia 

17 Obseivation by Raynaud Cited by Desnat, Complications du Zona, These 
de Bordeaux, 1903, p 20 

18 Chauveau, C HeipCs du tympan avec uii heipes guttinal et Labial, Ann 
0 inal de I’oieille, 1901, xxvn, 151 
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Case 18 — Obseivation by Achaul and Castaigne^» A man, aaed 51 On=;pt 
with pains followed by eiytlienia of the left side of the face iiithL eiuption of 
lieipes zostei m all thiec bianelics of tlie left tiigeminiis, including its mucous 
menibiane inneivation In addition, heipetic vesicles ueie present on the left 
posteiioi pillai of the phai>n\ and left tonsil On depressing the tongue vesicles 
weie also evident on the left side of the phaijngeal vault There ivas no dysphagia 
and the eiuption on the mucous inembiane caused no pain, and vas not peiceived 
by the patient 


Comment —'Lhi-i case is of iiiteicst because of the involvement of two ganglia, 
the Gasseiian and the glo«sophaijngeal also as showing that tine intia aural 
heipes zostei may cause no especial pain oi discomfoit to the patient and there 
foie may be leadily ovei looked 


Case 19 — Obseivation b}"^ Haviland Hall=" A man, aged 41 Onset Dec 27, 
190G, vith sole tin oat and dysphagia especiallv on the right side, the light tonsil 
and pillar of the fauces appealed led and swollen 

Decembei 29 Still pain in the tin oat, extending up into the light eai , the 
light side of the tin oat was red and suollcn, and theie weie two oi tliiee yellow 
sjiots on the tonsil and posteiioi pillais of the fauces Tempeiatiiie, 100 47 

Decembei 31 Iheie uas hoaiseness and acute pain in the tin oat, shooting into 
the eai and entnely pieienting sleep Tlieie uas now a tj'pieal heipetic eiujition 
on the light side of the soft and haid palate, extending to vithin an inch of the 
teeth, and shaiph limited on the iiinei side, by the median raphe of the palate 
The laijnx uas noiinal 

Januaij' 1 Euache voise and a gioup of vesicles appealed on the light edge 
of the tongue, extending fioin the pillai of the fauces to within one and a half 
inches of its tip 

Januaiy 2 Patient still suffeiing much pain and three oi foui vesicles had 
made then appeannee in the concha and below the helix of the light ear 

Januaiy 3 The tin oat was easiei and a few vesicles ajipeaied on the light 
paiietal and tempoial legion 

Januaiy 6 Iheie w’as geneial impi oveniciit, but the patient was still unable 
to take solid food 

Januai} 8 An attack of hiccough and vomiting The patient suffeied fioni 
complete anoiexia 

Januaiy 9 Hiccough was veiy tioublesonie and theie w'eie only short inter- 
vals of lelief 

Januaij 10 The hiccough W'as veiv seveie and threatened to suffocate the 
patient, the paioxjsms came on ven lapidly with onlj^ about foui oi five seconds 
Intel val One attack lasted tliiee and a half liouis 

Januaiy 11 The hiccough ceased and fiequent i etching supervened 

January 14 Retching and vomiting had giadually subsided and on Januaiy 
15 solid food was taken 

Januaiy 26 Patient was extiemely prostiated and the tliroat w'as still painful 
wuth occasional stabs of pain thiougli the light ear 

Comment — This case is of unusual inteiest because of the combined auiieulai 
and intiaaural heipes, coiiesponding to the zones of the geniculate and glosso 
phaiyngeal ganglia, but moie especially because of the seveie pneumogastiic symp 
toms, anorexia, i etching, vomiting and hiccough It will be obseived that a period 


19 Achaid and Castaigne Zona ceplialique, Gaz hebd de med et de elm, 

1897, new^ senes, ii, 1177 t, ar i Tm,r 

20 Hall, F de H Heipes of Mucous Membiane and Skin, But lueci dour, 

1897, 1, 848 
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of one ^\eek elapsed between (lie oulbioak of tlie eiuptioii and the ap])eaiancc of 
the pneiinioga sine sMiiptonn Tins intenal of quiescence -sepai a ting the appoai- 
ance of the ei option fioin the neni il compile itions is of ficqncnt otennenee in 
cases of geniculate inllaimnation with facial jialsi 


lILbPLS LVinXf.lS \\*D IJN COtri’l IC tJ'lOVS 


Posteiioi polioiinelitis of the mot pfnnirli.i of the })nciiiii02:as:(iic iiene 
IS cliaiacteii7cd bA an cniption oi lioipes /n^ici in thc'ii ainicnlai and 
intia-aiiial 7ones and in come eases In the occinicncc ol neiiial compli- 
cations^ siicli as Inaduaidia nancea \omitin<r and liiceoiigli Thece 
sjmptoms aic due to iinohement ol the pneumoiracli’ic /ilicic pas'^ing 
tliioiigli the inflamed ganglia 

Cvsn20 — llaprs Zostii Laniuqis — (Obscnatnni b\ Silicll*') A iiiau aged Gl 
Onset Juh 28, with jiain in the Ibioit and Jioai-encss following e\posnie to cold, 
tlieie was feiei and dilliouili in deglutition I> ii \ iigologual exaiiiiiialion sliows 
ledness and swelling of the iiglit .inlenoid c.iitilage light ai \ teno epiglottidean 
fold and the nglit side of the epiglottis to the niiddh' line witli t\pical lieipotic 
\esicles llie loft side of the lai\n\ was noinia! as weie aKo the \ocal cnuls, 
base of the tongue ind fos-.a j)\ i ifoi mis On Jnh 10 and 0 pain and hoaiseness 
continued with d\spm>a and coughing hx iiiiiiiatioii showed tlie loft side of the 
lannv still noiiiial the jiluimix was noimil Init the uvula on its fice end is some 
what odeniatous 


Cask 21 — f/cipcs Litninf/ts — (Oh-eived iiv jn.m aged 18, 

entered the hosjnlal on Apiil 7 foi cough dilhciiltv and jiaiii iii swallowing llio 
onset had occuned on Apiil 1 wilii stabbing pains in the iiccK 

Apnl S Lai vngoseojnc ( \aniiiiation J lie left aivtcnoid c.iitilago was swollen 
and leddened on its iiinei snn.ue as was al-o the left half of tlie epiglottis on its 
postenoi aspect, on which weie situated thiec sin.il! giavish white llocKs, no otiici 
heipes visible 

Apiil 14 Patient di-cliaiged cuied 


Ca.sl 22 — llc} pts Zo'>lfi Ij<i) ipiqis II till JliKoimli — (Oliseivation hv Boulai^) 
A man, aged 50 Sudden onset lohiuan 20, willi fevei headache loss of appetite, 
geneial malaise and a sensation of diseomfoit in tiie tliioat 'J he geneial svinp 
toms subsided hut the discomfoi t heat and n i italion in the tiiioat continued It 
felt as if a foieign hodv weie lodged hehiiid the tongue, which the patient was 
unable to swallow , this was not a painful sensation hut a peipetual dmconifoit and 
was aceompaiiicd hv incieasid salivation and fieijuent movements of deglutition 
This had made its apjioaiance on the second d.iv of the disease and was picceded 
twelve lioiiis hv a jieisisteiii ami ilistiessing hiccough, occiuniig cveiy minute oi 
half minute 'Jliis fiequeiiev was maint.uued until the fifth dav of the disease At 
no time was theie diflicultv with hicatliing oi .u tieiilation the voice was a little 
husky 

ilaich 5 Lai vngoseojnc examination 'I he i lunojdiai ynx was quite noimal, 
fi'e epiglottis IS a unifoim cainiin led, hut not edematous and was fiee fiom licipes 
on its anteiioi and siipeiioi sin face On its posteiioi aspect and solelv on the left 
side tlieie vvcie siy small giayisli white sjiols which weie isolated and legulaily 


21 Sclieff, G Ileipes Laiyngis, Wien med Ztsclii , 1881, xxv’i, 475 

22 Stepanovv'j E M Ileijies Laivngis, iloniitsclii f Oliienli, 1885, \i\, 237 

23 Boulai Ileipos /osteiifoime, Aieli inteinal de laiyngol, 1904, xvnii, 149 
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lound The left aiytenoid was slightly iiifiltiated, and piesented foui small -.rav- 
ish flecks, which weic a little larger than those on the left posteiioi surface of the 
epiglottis The vocal colds Aveie slightly leddened 

Mai eh 9 The hiccough ceased and on Maich 10 the laiynv had lecoveied its 
noinial aspect No vesicles veie ohsemed elsewheie 


6 HERPES ZOSTER OP THE TONGUE WITH F4.CIAL PALSY 

Umlateial eiuiDtioiis of heipetie vesicJes on the tongue^ in tlie dis- 
tiibution of the choida tympani nene, are occasionally observed in 
eases of peiipheral facial palsy In some of the obseivations the eruption 
pieceded the paialjsis, in otheis it appealed subsequently In the lattei 
gioup it IS piobable that the heipetic manifestations aie secondaiy or 
neuiitic in oiigin, in the foimei gioup, a piimai}’^ lesion of the genic- 
ulate ganglion itself is not impiobable The question then naturally 
aiises udiethei the geniculate has a splanchnic iiineiiation ivithin the 
buccal cavity in addition to its somatic lepiesentation on the external ear 

AFATOJriC CON-SIDERATION-S 

It is ^^ell known that the choida tympani supplies the anteiioi two- 
thiids of the tongue ivith the sense of taste, its fibeis springing from 
the cells of the geniculate ganglion It has also been shown tliat, in some 
eases of facial palsj^, the geneial sensibility of this legion may also be 
obtunded, a fact long ago pointed out by Bcinhaidt This uould suggest 
that the choida conveys some fibeis of geneial sensation, as well as those 
subseiving the special function of taste Cushing’s studies of the tiigem- 
inal field have shown that a ciude sort of common sensation may per- 
sist on the anteiioi two-thiids of the tongue, after the Gasseiian ganglion 
has been extirpated This is fuithei pi oof of the existence of such 
fibeis It IS also woitliy of mention in this connection, that the lingual 
blanch of the seventh, which inneivates the styloglossus and palato- 
glossus muscles at the base of the tongue, sends mucous filaments to 
the anterior pillars of the fauces and adjacent region While it is true 
that this lingual biancli has an anastomosis with the glossopharyngeal 
nerve, there is no proof that these mucous filaments are not part of the 
sensoi}'’ facial system springing from the eells of the geniculate ganglion 
The geniculate may therefoie have a vestigial intra-oral sensory represen- 
tation in addition to its taste function, as have the glossopharyngeal and 
vagus nerves , and that all thi ee branchial nerves, the seventh, ninth and 
tenth are represented both in the mouth cavity and on the external eai 
In the lower vertebrate the intia-oral lepiesentations of these neive= 
are extensive and important, but in the course of phylogenetic deie op 
ment aie being replaced by ilie overlap and growth of the trigeminus 
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CASES OP HERPES ZOSl’ER OP THE TONGUE ^MTH l'ACI\L PALSY 

Case 23 — (Obsenation b^ Di Jolm J ]\racPliec of Ne\\ Yoik, impublislietl ) 
A luaiij aged do Expo'^ine to cold followed bv ‘^e\cie pain belund ibe left eai 
Tins was accompanied bv bnimng sensation on the left side of the thioai and 
ton"ue The pains weie \cn scxoic and the patient was foiced to leinam indoois 
foi seAeial da^s, leqniiing hbeial doses of codcin Laid, theie de\ eloped a left 
facial palsy no distiiilnncc of healing '1 lie sch'jc of ta^tc was lost on the anteiioi 
tivo thuds of the tongue on tlic allcctcd «ide llcipetic ^e‘^lclcs and ciosions weie 
pieseiit within this aiea no ac'^ielo'^ wcie M‘'iblo on the left side of the thioat, 
although a distinct sen=;ation of binning had been pic'-ent in this legion siiiiilai in 
chaiactei to that which was felt on the side of the tongue ISo hcipcs in the eai 
01 on the face Latei paitial icactioii'? of degeneiation woic ])icsont on the left 
side of the face 'Jlie eai pain*^ weie of nnn‘'nal ^oionti and poi'sislenco 

C\s! 2j — (Obsonition h\ Rtoghoini ) A man aged 72 TToipetic icsicles 
appealed on and bcliind the lobe of the light eii \ few (bus latei a ficsli ciop 
of lesicles made then appe nance on the light ‘•idc of tlie tongue and liaid palate 
Eight dais aftei the eiuiition the iigbt side of llic face became paial\/cd 

Cisn 2a — (Obsenation 1>\ Beinatk'-) riin- in the nglit cai foi eight dais 
followed b\ a iiglil facial paiahsn witli tlie jiiLi llieie appealed an einption of 
heipes /O'Jtci on the anlenoi twotbiid* of the longue ‘■cimtions of tongue and 
taste weie noimal 

Case 20 — (Oii'^enation In Eiebbont") Omet Dec 12 lOOll, aftci cvpo'^nie 
to cold followed in pains in the light ‘^ide of the face and neck On the tbiid da^ 
a light facial paial\‘-is appealed and fnni da^s aftei tlie pals\. a heipelie ciuption 
appealed on tlie lowei half of the light am icle in the cvtcinal unditon canal, and 
on the light side of the tongue tlie inula .ind liaid palate lleaiiiig noimal, taste 
piesened, luuli not paietic 

Case 27 — (Obsenation In BeniiK ') A man aged 20 Omoi Oct 22 ISS^l, 
with pains in tlie light cai, followed on Octobei 20 In a light facial paiahsis On 
Octohei 20, an cinption of lieipe*; aiqieaied on tlie light boidei of (lie (ongno in 
its antenoi two thuds taste nndistmhed, p.ilate innenation noimal Fiom 
Yoveraher 10 to December LI, theie was an exce^jsne mitabihU of the anditoiy 
mechanism to sounds Bight face ‘■bowed leaclions of degeneiation 
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THE POETEJilOR P0L10VYEL1TJ8 OF THE AUDITORY GANGLIA 


The peiiplieial gniigl],i ol the aiulitoit iicno aie hoinologues of tlie 
posteiioi spinal ganglia take ihoii oiigin fiom the iienial iidge 

as the ganglion acnsticnin, and in romnion Yiili oiliei ganglia liaving 
this deiivaiion, manifest a susceptibility io the specific inf animations of 


24 Sieglieim Heipes /ostei im Gehiete des Xei mis facialis devtei, Monatschi 
f piakt Deimat, 1800, \\, 300 

25 Bcinack Lepaialxsie faciale eitod In Despaigne, "those dc Bans, 1888 

20 Eiehhoist, II Hci pes /ostei niul Faciahshthmung, Conii.albl f inn Med, 
1897, Will, 425 

27 llemak, E Zui Pathogenese des pei iphei ischen Facialpai alysc golegentlich 
compile Heipes Zostei, Ccniialbl f Ncivenheilk , 1885, vni, 145 



004 HERPES ZOSTER OF TEE CEPHALIC EXTREMITY 

heipes zoster (Fig 16 ) The cells composing the acoustic ganglia letain 
howeiei, then piimitne bipolai chaiactei, although leeent investigations 
have shoivn that a few nnipolai cells aie deinonstiable in man fA^an 
Gehnchten-®) 



Fig 16 — The oiigm and teimination of the acoustic neive (a) nucleus pos 
tenor, (b) Deitei s nucleus, (c) tubeiculum acusticuni laterale, (d) nucleus 
anteiior, (e) neivus coehleans, (f) nei vus a estibulai is , (g) semiciiculai canals, 
(h) ganglion of Scaipa, (i) cochlea, (k) ganglion sjiiiale, oi ganglion of Coiti 
(Poiiiei and Chaipy ) 

The ganglion acnstieum at an eaity peiiod sepaiates into two ganglia 
the ganglion of Scarpa and the ganglion of Coiti, oi ganglion spiiale, 

28 Van Gehuchten, A Les cellules du ganglion de Scaipa chez Tliomine 
adulte, La Nevrate, 1907 8, ix, 277 
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which aie ?itnalccl on the AGciibiilai and cochleai dn]‘5ions of tlie eighth 
neive. lespectiveh 

These ganglia aie not inficqnenth' iniohed in lieipes /ostei of the 
cephalic extieinitA, the SMn])toin<? of vhicli iai\ accoiding to the ^eieriti 
of the inflammaton leaction In tlie inildci foini tlieic me picsent onlv 
tinnitus auiinni oi a inodeiate degiee of deafness (Inpaciisis) In the 
iiioieseieie foiiiis, all the simptoni^j of Meiiicnes sindionie nia\ occni 
1 e labiiinthine deafnG<;s, distni bailees of the eqnilibiinni, ii'^stagnins, 
nausea and loiniting 

It seems to me not iminobable lliat some of the'^e cases ha\e been 
desciibed as Menime's di^ea^^e al'^o a‘5 toxic and “ihcumatic' affections 
of the auditon nenc the lew heipelie le^sulc'^ e‘jca])ing notice oi liaiiiig 
di«appeaied befoie the patient came undci ob«onation 

In nil senes of eighl\-‘?e\eii ca^c^ ol hei])es /n^tci. w itli facial paiahsis, 
auditon simptoms weie jne'^ent in twent\-'?i\ 'I'lie acomtic svmptoiiis 
pieceded the pal<5i in fne ca^-c^ in louileen ca-ie^ then apiieaied siniultane- 
oush In the sxncii leniaining ca<e‘' the lelatiomlii]) is not mentioned. 
01 was doubtful 

I would emphasi/e those ca<c« in which the auditon SMiiptoins 
appealed befoie the lacial paiah^'N which •^liow that the acoustic ganglia 
ma} be piimaiih iinohecl, and aie not ‘'Ccondaiih affected b} extension 
of the inflammaton pioces-. in the ‘reniculatc to the adpicent auditoiv 
neive It is, howeici, jios^ible that ‘'Uch extemion In contiguih nia> 
take place causing the auditoiv sMiiptonis in ‘•onie oi the^-e cases 

The distiibution of the ciuption and the natuie of the acoustic dis- 
tmbances in this giouji of cases weic as shown in 'J'able 1 

Distributiox or Eittniox am) Xatoup oi Acousiic Distohiiaxcls rx Postekiok 
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2 

Heipes occipito collai is 2 
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0 

1 

olicus combined 


2 

1 


Auditoiy symptoms may also accompanv zona of the cephalic extiem- 
% without facial paialysis Tins gioup oi cases is additional pi oof of 
piimaiy involvement ol the acoustic ganglia, as it w'oulcl be cliiRcult to 
conceive of an mflamniatoi y piocess in the geniculate ganglion passing 
ovei to the eighth neive without involving the niotoi fibeis of the seventh 
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BERPEB ZOSTER OP TEE CEPEALIO EXTREMITY 


Table 2 — Distribution oi iiiu Eruption and Eature of the Acoustic Dis- 
turbances IN Ceph-veic Zona Without Facial Palsy 

Herpes facialis with tinnitus and hypoacnsis 2 cases 

Heipes oticus nith tinnitu'; and hjqioacnsis 4 cases 

Heipes oceipito collaiis with Menieie’s syndiome 1 case 

Escat,"'> m a lecent comniunication, leeouls 3 cases of aiiditoi}^ clis- 
tuibances in heipes zostei of the face, in one of which facial pals}’^ was 
also piesent These anditoiy s}inptoms, he believes, aie produced eithei 
by a tiophoneuiosis of the tnbo-tympanic membrane oi by a paralysis of 
accommodation, due to ini oh^ement of the tensor t 3 '^mpani This explana- 
tion, however, is applicable onl}'^ to a limited group of cases, in which the 
fifth neive is the seat of the einption, and the symptoms indicate an 
involvement of the conduction mechanism of the eai 

POSTERIOR P0LI03IYEL1TIS OP THE AUDITORY GAYGLIA WITHOUT 

HERPES ZOSTER 

If the auditoiy ganglia may be piimaiily involved in zona, in con- 
junction with an eiuption in one oi moie of the zones of the cephalic 
exticmit}', may theie not exist a gioup of cases m which these ganglia 
aie alone affected, without eiuptive manifestations ^ 

The pathological studies of Head and Campbell have shown that the 
inflammatory piocess undeiljing heipes zostei is commonly localized in 
a single ganglion, and as the acoustic ganglia belong genetically to the 
spinal chain, and clinically aie frequently involved in zona, it would 
seem reasonable to assume that the local inflammatory reactions may be 
confined to these ganglia in certain cases The clinical picture vould 
then be chaiacteiized by the geneial symptoms and mode of onset of 
zona, but the eruptive manifestations ivould be replaced by symptoms 
indicating a more oi less severe involvement of the cochlear and vestib- 
ular divisions of the auditory nerve It is not impiobable that cases 
answering this desciijition have been considered under the heading of 
piimai}'^ ‘Theumatic” affections of the eighth nerve In the absence of 
definite pathological evidence, absolute pi oof of the existence of such a 
group IS impossible The demonstiation of a lymphocytosis in the cere- 
brospinal fluid vould, howevei, be of gieat diagnostic value in doubtful 
cases, because of its frequent occur lence m herpes zostei 

29 Escat Tioubles otiqnes fonctionelles et tiopliiques dans le zom, totf^oii 
partial du tiijumeaii. Bull de Laiyngol , Otol et Ehinol , 190S, m, 1^3 
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S THE PlRlLiriC COHELIC VJ’IOKS OP HERPES ZOSTER FAOIAUS 

APD OGCIPITOGOLLARJS 

Facial pals’s and anditoi> sMiipioms aie also fiecjiient complications 
of lieipes facialis and lieipes occipiioeollaiis Such neuial complications 
occmiing Mlieii the eiiiption i*: ‘^limited in the tiigeminal oi iippei 
eeivical zones, aie, I belie\c, piodiiced b} inllammaioiv leaciions in 
the geniculate and andilon ganirlia (imiltiple imohemeiit of ganglia 
mzona) In im senes ol ca«e^ the eiuplion i\as dniiibnted in the zones 
of the tiigeminal oi nppei conical ganglia, in b^ far the laiger piopoi- 
tioii of cases 

Heipes oecipitocollaiis i\iili facial pain was noted m foity-eight 
cases Tlieie was an a^'^ociated Inpacims in nine tinnitus aiiiiiim in 
two, and Menieie': ‘^Midioine in one ca^^e oi tins gioup 

lieipes facialis with Jacial pain wa« obsened in fifteen cases, of 
wlncli tliiee had an a^'^ociaied lupacmn and two pi evented the symptoms 
of Meiiieie s disease 


HLl’OUr or I’LIISOXM. CASES 

Case 28 — Rapes OcapitocoUai ts rath Pactul Palsy — (Rofeiicd by Di Theo- 
doie Jawewn, SI Lukes llo'spital ) A uoiu.iu, aged *15 Onset Juno 9, 1900, with 
pains in the neck On June 10 tiieio appealed a w i(ic«picad lioipctic ciuption in 
the light occipitoccnical distiibution (second, tluid and fouitli cciMcal) wuth 
gieat swelling and lodness of the infeguintnl Dining the fust few da^s of the 
disease iheie was tinnitus auiiiiiii On June 17 the light side of the face was 
paietie, palate iniici Nation, taste and licaiiiig wcie noinial On June 18, the facial 
palsy was complete, ‘•e\oie pain and huimiig in the oiuptno aiea 

July 7, the eiuplion had di^-appeaicd, but the facial palsN still peisisted, no 
auditoiy sjniploins (Fig 17) 

Case 20 — Rapes Zosia OccipiiocoUaj ts mill Facial Palsy — ( Refen cd by Di 
C A MacWilhams ) A man, aged 71, in good bcaltli Oii'^et Oct 20, 1907, with 
an eiuplion of lieipes /oslei on the loft side of the bead and neck The 
eiuption was accompanied by smaiting pain On !NoNcmbei ^J, the patient fast 
noted a buzzing sensation in the left oai Tins was not se\eie and did not last 
Neiy long, and was followed bv a Iclt facial palsj 15\amination showed -typical 
peiipheial facial palsy on the left side, complete in the lowoi and middle blanches, 
paitial in the uppei biancli, inci eased laciiniation of the left eye Palate innei- 
vatioii. noimal llie heipetic ciuption nnus distiibuted ovei the occiput and neck 
on the left side Theie w'cie no scnsoiy disluibances of the face oi neck, watli the 
exception of slight hypalgesia m the cuiptne aiea Olie coiiieal leflex Nvas piesent 
on both sides Ileaiing Nvas good in both eais, but NNas not so distinct in the left 
ns in the right This Nvas line of both the nn.iIcIi and tuning foik The patient 
leeognized salt, SNveet and soui on the left side of the tongue in the choida aiea, 
but these sensations N\eie not so pionipt oi so distinct as on the light side 
Faradization of the left facial iipive pioduced a slight conti action in the oihicu- 
laiis palpebiaium and fiontahs on the left side, hut piacticallj’^ no lesponse m the 
loNvei branches Diiect faiadi/ation of tlie muscles of the left face pioduced a 
slight lesponse in the muscles of tlie uppei hut none in those of the low'ci face 
tost lieipetic pains Nveie veiy mild and all tiace of the palsy disappeaied within 
a month 
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HERPES ZOSTER OF THE CEPHALIC EXTREMITY 


Case 30 — Rapes Zosio OcapHocoHatis wth Factal Pff%~(Refeued from 
the Hudson Stieet Hospital seiviee of Di Connei ) A man, aged GO, witli spastic 
paiaplegia of many veais’ duiation of syphilitic oiigin Onset of piesent illness, 
Feb 19, lOOG, with shaip shooting pains in the light side of the neck, occiput and 
mastoid legion A few days latei an hcipctic ciuption appeared in the light 
occipitocervical disti ibutioii A right facial palsy deyeloped within a veek after 
the appeal ance of the eiuption There ueie no subjectne distuihances of taste oi 
healing at the time of onset The euiption cleaied up in a few days, leaving 
nuiiieious pigmented scais Seveie shooting pains uitli binning and itching still 
pel sisted 

On evaiiiination, Mai 16, 1006, theic uas still evident a light facial paialysis 
but Mith slight powei of voluntaiy movements in all of the blanches Innervation 



Fig 17 (Case 30) — Heipes oceipitocollaiis with facial palsj on the affected 
side 


of the palate was equal on the two sides, healing was noimal Sensation of taste, 
while subjectively unimpaired, showed a distinct diminution when tested vi i 
solutions of salt, sugar and quinin Theie veic numeious aieas of diminished 
sensation scattered oiei the light side of the neck and angle of the jav, m nci 
correspond to the pigmented aieas Electiical examinations showed partial reac- 
tions of degeneiation of the muscles of the right face 

June 20, 1906, theie weie still numbness and itching sensations in tie iigi 
oeeipitoceivical region with diminished sensibility Lancinating pains neie 
piesent, but less seiere and fiequent Taste nas still obtunded on the right side 
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Voluntan ninei\ation oi the face had jnipio\ccl, espcciallj in the uppei blanches, 
m the loner blanches beginning contiactiiie nas appaient Paitial leaetion of 
degeneiation still picsent 

Case 31 — IJcipcs Zosio Faciahs tciih Facial Palsy and Deafness — (Observa- 
tion by Kanfniann®') A man aged 34 IMild piodionial symptoms nith fevei and 
headache On Juh 25 a icdness of the left cheek and an eiuption of heipes /ostei, 
accompanied bv headache Acrtigo and lepeated %omiting Julv 2G, still headache 
and repeated vomiting Jnh 20, sudden de\elopmcnt of a left facial palsv nith 
tinnitus and total deafness of the left eai Palate noiinal, taste lost August 24, 
patient had no veitigo but constant tinnitus in the left cai August 27, the facial 
palsy had cleared up but \eitigo and distui bailees of the equilibiium neic still 
present Xovember 5, patient had icco\crcd but i\ith tinnitus and some diminu- 
tion of hearing on the affected side 

Comment — The occuirence of repeated \omiting befoic the onset of the aiidi- 
toiy disturbances in this case sugge^tc a piobable iniohonient of the fibeis of the 
%agus 

0 COXCLUDIXG REMARKS 

Fiom the eMclcnce uhich lins hcen pic'-cntccl. 1 belie\e that we aie 
justified in isolating a large and tailed gioiip of cases, chaiacterized by 
heipes zostei of the cephalic e\ticinit\ associated with facial palsy, audi- 
tor}’, glossophanngeal, and pneiiiiiogastiic stniptoins. and in legaiding 
them as constituting a well-defined clinical pictiiie A number of svn- 
dioinesare thus united in a ‘Jt mptoni-comple\, hating a common etiology 
and pathology 

The neuial complications mat occiii singlt. oi in vaiious combina- 
tions, depending on the degiee of the infection and the localization of the 
inflaminatoiy piocess Because of the tendency to invasion of moie than 
one ganglion in cephalic zona, ncuial complications may occui even tvhen 
the eruption is situated in the distiibution of a ganglion situated above 
or belotv that causing the pai al} sis In this ct ent the nei t e complication is 
caused by an inflaminatoiy leaction in the ganglion of the affected neive 
sufficient to cause a tiansient palsy, but not to pioduce an eiuption 

The geneial sjmptoms maj be vei} mild, oi they may leacli a high 
degiee of seventy, m consequence of which a consideiable vaiiation in 
the clinical pictuie results 

The neuial symptoms aie often singulaily tiansient in then duiation, 
all trace disappeaiing wnthin a few' da}s oi a foitnight ISTot infiequently 
permanent stiuctuial changes take place with peisistent disturbance of 
function 


30 Kaufmann, D Uebei em Fall von gleicbseitTgcr, aeut aufetretenen Eikian- 
kungen des Acusticus, Faoalis und Tngeminus, Ztsclu f Ohrenh , 1896-7, xxx, 
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EFjRPEH zoster of the cephalic extremity 

As IS ^^ell known, paialytic complications may occiii in other parts of 
the body in zona, notably of the ociilai neives, but also in the distiibiition 
of the spinal neives These aie,,compaiativel5 speaking, laie, piobably 
because the mflammatoiy lesions aie limited b^ the capsule of the 
ganglion, and in oidei to leach the motoi llel^es of the eye in Gasserian 
involvement, oi the anteiioi loot m that of the spinal ganglia, the inflam- 
mation must fiist bleak thiough this fibious wall, oi travel foi some 
distance along the couise of the sensory nerNe The capsule of the 
ganglion, theiefoie, foims a natuial baiiiei and protection against the 
extension of the mflammatoiy piocess 

Anatomical conditions aie ditfeient, however, in the ganglia under 
consideration Heie the fllieis of the seventh eighth, ninth and tenth 
neiies aie m moie immediate i elation to the cell stiuctuies of then 
lespective ganglia, and aie not sepaiated an intervening fibrous wall 
For this reason ^ely slight mflammatoiy leactions uithm these 
ganglia jeopaidize their respective neive fibers This intimate associa- 
tion of ganglionic structuie and neiie fibers would account, not only for 
those cases with light and transient symptoms, but also for those of a 
more seveie grade, nith lasting impaiiment of function 

In my study of this group of cases, I have encountered none in vliich 
a fatal issue could be attributed directly to the disease itself It is well 
Icnown that a unilateral lesion oi section of the vagus is not necessaiily 
dangerous to life, and as herpes zostei is usually unilateral pneuino- 
gastiie involvement on one side would not be fatal If, however, bila 
teial zona of the cephalic extremity should occur, involving the ganglia 
of the pneumogastiic neives on both sides dangerous s’\mptoins, or even 
a fatal termination might result It is perhaps significant in this con- 
nection to recall the wide-spread belief among the laity of the fatal ten- 
dency of bilateral shingles Possibly we have here an explanation foi a 
tradition which is common to all nations 

I would also emphasize the fact that in m}’’ stud}’’ of this subject, I 
have found no cases with facial, auditor}’’ glossophai5mgeal or pneumo- 
gastric nerve complications, aceom2ian3ung an eruption of herpes zostei, 
except when situated on the cephalic extiemity of the body, i e, herpes 
facialis, otieus, phaiyngis, laiyngis Imgualis, and occipitocollaiis That 
such neuial complications do not accompany an eruption in the lovei 
segments of the body is readily undeistood from the tendeiic}^ of the 
posterior poliomyelitis to limit itself to a small senes of ganglia usuallv 
only one or two In seveie foims of infection, howeiei, with extensile 
involvement of the cerebrospinal chain of ganglia theie is no reason, 
theoretically, why cianial neive jialsies may not oceui 
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I have attempted to difCeieutiate the ‘somatic zones of the geniculate;, 
glossophaiyngeal, and vagal ganglia on the exteinal eai, as veil as then 
mtiaoial, splanchnic zones within the buccal caiiti The denial cation of 
these zones is^ howeiei, onlv a pieliniinai} one It vill, I hope dncet 
attention to the subject and nia’^ piove of lalne as a guide in fntnie inves- 
tigations I believe that vc haie iii the ^dieipes zostoi method ' an 
uiipoitant kej to the solution oi this intiicate pioblem 

It IS iiiy him coiiMction that cases belonging to the gionp winch I 
have just desciibed aie of much nioie fiequent occuiience than might be 
iiifeiied fioni the studi of oiii liteiatuio I’lic reasons foi vhich aic 
to be found in the smallness and inacte^ssibiliti of the eiuptive aieas, 
making then detection difficult, oi all tiaccs ol the eiuption nia^ have 
disappeaied beioie the case conies undci obsenation, when a letiospectne 
diagnosis might be difhcult oi imjiO‘;‘sible 

It also seems piobable, that some cases vhich aie inteipicted as iheu- 
matic palsies of the lace, palate and eien the laivnx, mai belong to this 
gioup, as veil as toxic unilateial palsies ol ob‘-cuie oiigin This, I believe 
is al'io tine ol unilateial atlections ol the aiidiloiy neivc 

It is iiiteiesting to noto, in this lonneetion. that heipes zostei niai 
appaientlj oeeui in an aboitne loim (WidaP^). innnmg its couise vitli 
mild geneial svmptoms and a lev neuialgic pains, hut without the char- 
acteiistic eiuptiou In cases ol this doubtlul natiiie, as well as in those 
iheumatie aliectioiis ol the facial and audiloi> uenes accompanied by 
neuialgic symptoms and localized neuialgic paiiw the demonsti ation of a 
lyniphoc} tosis ol the cerebio^-pinal tluid would haic a consideiable diag- 
nostic value, as leceiit iinestigations have shown that these aie fiequeiitly 
increased m heipes zostei 

20 West Fiftieth Sticet 
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